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(54) TlUe: IMPROVED PHARMACEUTICAL COMPOSmONS FOR GENE THERAPY 
(57) Abstract 

TTie invention is based on the discovery of a synAetic virus lilce particle containing a plurality of peptides capable of condensing 
s^^^^^?;^^ TJ;fP>uraUty of peptides hu alow polydUpenion^ 

LT^/SS^LI^o^^^ therapeutic benefit TTie synthetic virus lilce particle b self.assembling and 

may be designed so as to be capable of targeting a particular cell or tissue type and deUvering mictetc add to be incorponted into the 
cnromosomal or extracnromosonal sequences of the target cells or tissues. 
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IMPROVED PHARMACEimCAL COMPOSITIONS FOR GENE THERAPY 



FIELD OF TH E INVENTinTJ 
TTie present invention relates to phannaceutical compositions useful in tlte treatment of 
diseases by gene therapy, and in particular to compositions which rely on nudeic add 
condensation agents. 

B ACKGROi TKm Tn Tifp njYFKnrr 

Gene therapy relies on eflident ddivery of DNA to target cdls. and expression of the 
ddivered DNA in the nudeus of $ud» cdls. Different modes of DNA ddtveiy have been proposed, 
and these involve both viral and non-viral deliveiy of gene sequences. 

Early ejq)eriments on introdudng DNA into mammalian cdls in vitro utilized DNA m 
predpitated fbnn with tow tOciency of transfection and required sdectable mariwr genes (Wigler 
et al. (1977) Cefl 15. 777^5; Graham and Van der Eb (1979) Proc. NaU. Acad. Sd. USA 2Z 
.1373-76 and (1973) Virology 52. 456)) Since this ttine molecular Uologisu have devdoped 
many other more efficient techniques for introducing DNA imo cells, such as dectropoiation, 
complexation with asbestos, polybrene. DEAE. Dextian. fiposomes. tipopolyamines. 
polyonitthtne,.piitide bcmbardmem and direct microinjection (reviewed by Kueherlapati and 
SkoukcW (1984) Crit. Rev. Biochem. 1^. 349-79; Keown et al. (1990) Methods Enzymd. IfiJ. 
527). Many of these methods are unsuitable for use dinically sinee they give highly variable and 
rdatively poor levels of transfection. Another obsude to the wider use of existing transfwtion 

/ 
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oomptaw^Mdefbilwri^ f.^railarsizeto 

the wtwilofmlor h riiri lyweq, (Poite «nd KinOi, Bton-echnotogy L 869 (1984)) 

Uj«« «ri VoUqr (Cdl Sur. R*v. 1 2 1 5-266 ( 1 982) ) «ri K«ed» at A (^^ 

m 5«9 (1987) ) (krtbe the ieeDa«hutioo of vwl em^ M hiolosW 
«««« ofDNA. to thb appwech. n«unlly occMn^ 

cont^tung «Jve«,. the vW «uddc .dd amoved »d the ««uh«ng vW compoaatt. 
recon*aited « the prw 

e««n»lyexpen«ve end difficuh to «:.le up. Mor«,ver.K^ concerns « connected 
with the pharauceutica] use of exnaaed vinises 

Other non-viral gene delivery systems described in the litenture merely extend 
observation, on tranrfeetion using DNA condensed using symhetic polymery For ex«nple 
soluble DNA/iK>lylysine complexes can be generated (U et al.. Biod«n. J. n. 1763 (1973))' 
Polyiysine complexes tagged with isirfoglycoprotdn have been used to target DNA to 
hepatocyte. uudsm (Wu «,d Wu, J. Biol. Chem. JSL 4429 (1987); U.S. Patent 5.166^20) 
L«aosylated polylysine (Midoux et al. (1993) Nuc. Adds Res. 2L 871-878) and gahoosylated 
histones (Chen et d. (1994) Human Gene Therapy 1 429^35) have been used to target pl.«aid 
DNA to edls bearing lectin receptors, and insulin coniugated to polylysine (RosenkruKz et .1 
(1992) Exp. Cdl Res. m 323-329) to cells bearing insuUn receptors. However. Wagner et al 

(«p/») have shown that the latter approach is even less eflBdem than standard methods 
transfection. and may therefore be considered unsuhaUe for phaimaceutical-developmem. 

hWlooal antibodiei have been used to target DNA to particular cdl types (Mady 

Proc. Natl. Ac«i. Sd. USA fiS. 8027-803 1; Trubetskoy et «L (1992) Biocoqugtte Chem. 1 

323-27 md WO 91/17773 and WO 92/19287). 

Peptide! derived Ihm the amino add sequences of viral envdope prtxd^ 
« gtae tnoiftr when eoadministend with polylysine DNA oompiexes (Pink et aL (1994) J. Biol. 
CawL 2tt 12918-24). Tiubetakoy et d. (supra) and Made et aL ((1994) Am. J. 
138-143) uggett that eocondensation of poiyiysinB conjugates with anionic lipids can lead to 
nwtmert in gene timifa elBdency. WO 9SA>26M 
attempt to iaerem the effideney of eatioittc Ifid gm ti^^ 

Disulfide bonds have been used to Imk the pepiidie eomponemi of a ddwery vdn^ 
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(Cotto ct iL (1 9«) MctlL EnzymoL 212. 6 1 8^); tee ibo, Tnibctskoy et aL (supn) However, 
the chemical modifictti n of the vinous components, although group spedfic, is not 
fegkvspedfic and leads to enonnous moieailar heterogenehy of d« conjugated product. Disulfide 
bonds are also known to be unstable in biological fluids and thus limhs the potency of such 
compounds in practice. 

Similar heterogeneity is also produced by other standard conjugation methods such as 
carbodiimidc coupling through side chain carboxyl groups (Wu et al. (1991) J. Bid. Chem 266. 
1433 W2). However, in addition to the above disadvantages, the resulting amide bond coupling 
the componems is chemically stable within the cytosol and makes the componems difficuh to 
separate. 

More specific couplir« chemistry has been employed by Cotto (supra). This method 
involves oxidatkm of the carbohydrate moieties using periodate, folk>wed by subsequent reaction 
with polylysine. The SchifT base so formed was reduced with sodhtm cyanoborohydride to form 
a stable amide bond. However, due to the large number of availaNc iysme residues, the resuking 
amide bond was linked at random to the polylysine componem. 

Tnibstskoy (supra) observed increased efficiency of a conjugate made up of a 
heterogeneous polylysine moiety linked through the N-terminus non-spedfically to amino 
funaions on a monoclonal antibody. 

Many prior art methods employ highly heterogeneous componenu linked by conjugation 
chemistry which itself leads to more heterogeneity. This hcicrogendty leads to poor control 
during preparation and large hatch-to-batch variability, low potency and poor solution stability 
Scale up and rq)rodudble manufacture of the gene delivery vehicles described in the 
Iheramre are problematic because of the extreme heterogeneity of the producu and components 
of those systems. Key parameters such as quality control, process control and product 
uientificatkm are thus rendered imprecise. Therefore, an object ofthemvention is the devetopn^ 
of a reprodudUe and scalable production process for pharmaceutical compositions vAick 
fadliute ddWeqf of exogenous DN A to a target cell with high eCBcien^. 

Another object of the inventxm is to provide an improved nucletc acM 
is capd)leofevadmg the reticuloendothelial system and thus may withstand degradation in vivo. 
I Another object of the invention is to provide an improved gene delivery complex having 

chemical conqwnents of defined stoichtometry and dierefore reduced heterogeneity. 
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P~P«^«lto«oM«leo«po«^ 

^'^"'^"'THFirnTrmnit 

"-«.I*nl»,rf»ddcKac««l=»m,p.p,j„tal<»p,l,a.p.„i„ 

Tl»«««iouy,l,uu,,»Ud,«bomd»p,p<to^i.a,i,,,^ 
^« 1^ U« ^ . ^ ^ ^ ^ , ^^^^^^ 

• i»Ml»c»a««r«i..iptt&,„,TOrthBi,««Hc«l«^ 
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The fiincttonal group also may comprise a lipid such as palmitoH olcyl, stearpyi or 
cholesterol. 

The fuacdonal group also may comprise a neutral hydropUKc polymer such as 
polyethylene glycol (PEG), or polyvinylpyrrolidtne (PVP). 

The fimctional group also may comprise a flisogen^ 
influenza vims. 

The amctional gnwp also may comprise an enzyme su^ 

The functional group also may comprise an intracellular trafficking protein such as a 
nudear localization sequence (NLS). 

In a particular preferred embodiment, that is, wherein the second functional group is 
covalently linked to a first fumional group which is Unked directly to the peptide, the first 
fimctkmal group may comprise one of a lipid or a neutral hydropMUc polymer such as PEG and 
the second fimctkmal group a ligand that targcu a ceD surface rec^ For example, when the 
first fimaional group comprises a lipid, the second fijnctional group may comprise a ligand that 
targets a cdhiiar receptor. When the first fiinctional group comimses PEG. the second fiinctional 
group may comprise a ligand that targets a cellular receptor. The ligand may be, for example, 
one of a ugar moiety or a ligand whose cellular receptor is restricted to a ccD-typc, and thus the 
target cell population may be unrestriaed or restricted as to cell type. Alternatively, when the 
first fiinctional group comprises a lipid, the second fiinctional group may comprise PEG. 

The first nudeic add condensing peptide may comprise S-24 positivdy charged amino add 
side groups, more preferably the number of positively charged anuno add side groups is 12-18 
Preferably, the latio of positive/negative charges in a synthetic virus like panide that is 
capable of targetttig a spedfic mammalian cell type is within the range 0.5-3 per phosphate 
residue in the nuddc add; this ratio more preferably bdng within the rai^e 0.8 - 1.2. 

Preferably, the ratio of posiiivc/negaiive charges in a synthetic virus like partide that is 
unrestricted with rtsped to the type of cdl it targets is in within the range of O.S • 5 per 
phosphate residue in the nuddc add, and more preferably within the range of 1^ • 2. 

The im«tion also e n c om passes a plurriity of nuddc add condensiigpeptito 
used to formuiate a synthetic virus like partide of the invemi<m, wherdn each nuddc add 
condensing peptide of the plurality being a heteropeptide, and the |riurality of nuddc add 
condensing peptides havmg low polydispersion, the pq)tjdes bdng fiirther characterized in that. 
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with u« «Ktaic JTZTZrcr ""-^^ -------b^-"*^ 

Bucltii! mH ,i-„ ""nmoaeiecoiid 

NHrMX,X,Y,VJJC,X^Z^A)-«,X,Y.YJJCXJICOOH 

wncrctn n « 2 • 4 and m « 2. 

OtWprrfaTedpcpridcs.«tiK,,ewh«„«^ 
2.4.d.«u„o4«,y„c uid or ornithine; wherein each of Y., i, i«,epe«denUy. ^ 
*l«.ne. leuone. methionine. glut«mi„e, t,yp,oph» or hiaidine; wherdn e«h of Z i,* 
.ndependentjy. nspu^, glycine, proline. «ri„e. »d «p«ic «d; wh«dn B I. «^ of 
alanine, ghitamic Mid or eystdne. "y«neoi 

»»»««»«««»««edae«ordin8tot^ 

ooc or more i«en»I Serine. Threonine, or Cystdne midues. prefe«bly at a portion in 
the «quence wMdi wm be ewd for conjugation to a .dected Bgand. «^ 
l»AH^d«Bed(nuddc.ddorie«ed)toof.heB-hdix. This poridooing of .dected .active 
™ «>d «tiduei fl« peptide „d oriented «u* that they to 
pqmde th« co««a. «iddc add penniu conj«8«ion of the pep^ 
P^bybondaof^lected and defined aabflity. Cy«dnedlow..pedficconju8«ionvi.the 
thK>l «de d»i« ,0 confounds cofltdning other reactive thid gn^ 
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fiined(»i(tofenBthk«herbondiX or Other tWd re^ 

Bonds ef 'defined lUbiGiy- ere described bereinbdow. ni include bonds such is add ItfiOe 

bonds (hydri2oi») or linkigei that tie less stri,le ta the reducing envTO 
(dl«.Ifid«). Such ha^vt ,1^6x1 tor c^i6«ciio,^ffa^ 
panicle. 

i^en*d peptides which laiwhhjn this generic sequence include: 
NBC7 •nWAWlUWKRRAAWlCGVSAIUlAAlUUVWWE^H;and 
NBCII H-TKKAWKKAEKKAAKKCGVSAKKAAKKAWKKA-hlHx 

Thui a nucleic add condensing peptide according to the invemionmiycon^^ Dhdix- 
fonning amino adds. 2) a repeating three-dimensional structure that comacu the major groove 
of the nuddc add. 3) suitable dsomophores for quantitation, and 4) a munber of "handles" fi.e.. 
reactive ates) for regio-spedSc conjugatbn of ligands whidi form accessory functional domains. 

Nucldc add condensing peptides of the invention also may indude portions of Hi 
(sequence I. D or ID bdow) u-hidi are identified herdn as sequences whidt possess the ability to 
condense nuddc add. Therefoie. a nuddc add condensing peptide oftheimrention can com^^ 
a linear combination of the foHowing three consensus sequences where the total sequence length 
is>l7 residues: 
Sequence I: 

-K-K-X-P-K-K-Y-Z-B-P-A-J- 
whcre: K is Lysine. P is ProUne: A is Alanine; X is Serine. Threonine or Proline; Y u Alanine or 
Valine; Z is Alanine. Tlieonine or Proline; B U Lysine. Alamne. Threonine or Valine; and J is 
Alanine or Valine. 
Sequence D 

-X-K-S-P-A-K-A-K-A- 
where; X is Alaniiie or VaKnc; K is Lysine: S is Serine; P is Proline; and A is Alanine. 
Sequence in 

-X-Y-V-K-P-K-A-A-K-Z-K-B- 

where: X b Lysine or Aiginine; Y U Alanme or Threonine; Z is Prolmei AImb^ 
Lysine, Threonine «• VaBne; K is Lysine; P U Proline; A is Alanine. 

A prefencd peptide is NBCl. which has the following structure: 
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NIMSV40 NLSHSeq IHSeq I^Seq 1I1HSV40 NLSRSeq IKX»OH. 

Val^Mdiequeoee f 

H-PKKiaUCVBdCSPK^ 

KKAKKPAAC(AanK)H. i^i^uutYEKKSP 

Anocherp«faw,«ride.cideond«iingpcpdderf^ 
•equencethttfilU^ithmttefoUowinggeiieri^ ' 

NHrX^<:.COOH 
w.K«XUdtijer.b««orS«n«.orTI«oni^ 
2-6; and C IS Cysteine. 

P«rticulariy preferol peptides according to the invention aie the folkming: 

NBa htt the stnjcture: NHHSeq mHSV40 NLSlHSeq IK-COOa 
where ^-i$ Cysteine. 

NBC8 has the structure: NH,-(Seq n-(Seq IK-COOH 
where -C- u Cysteine. 

NBC13 has the structure: NHHSeq l]-{Seq I].[Seq IK-COOH 
where -C- is Cysteine. 

NBCIO has the structure: NH,.[Seq I]-ISeq I].[Seq I^tSeq I]^^OOH 
where ^. is Cysteine; the amino acid sequences of which are as foHows: 
NBC2 H-KAVKPKAAKPKKPKKKRKN^SPKlOkKKPAAC^ 
NBC« H.KKSPKKAKKPAAKKSPKICAKKPAAC(AcmH)H; 
NBC13 H-WCSPKKAKKPAAKKSPKKAKKPAAIOCSna^ 
NBCIO H.KKSPKKAKKPAAKKSPKKAKKPAAKKSiraC^ 
AAC(AanH>H 

Tteinvwioti also fatima^ymhetic Vitus like paiti^ 
. nunmidian ceO. the v«hetic Vina Eke panicle comprising a «^ 
pIuii%oflimnuckfc«Sdoondea«ng peptides. e«i,peptkfc 
fi««:ti«irigi«ip.i«ecoiKlphin^ 

■"defcadd eoBdcnmgpeptkle is a haeropeptMe and 

peptide km polydispeni<m. wherein e«ch phnBty rf ^ 

non^ovaleiitly isiociated with the recomWnam mideic add SUA 
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condcwed fonn. 

TTiev*helicvin«likepirtideiittyfi«hercompf^ 

condensing peptides eich tlW peptide eom^ 

wl^eh » differem from the fim functional group. 

Tte fim ind secowl fiBHSional groups presem in t^ 
a preselected rttio. 

Tlie first mKdeic aea condensing peptide nay comprise a first firoctic^ 
bound thereto and may fimher comprise a second fimctional group covalemly bound therao 

The second fiinctkmal group may be CO valenUy bound to the first fimctio^ 
covalently bound to the peptide itself. 

TTie first and the second rajdeic add condensii« peptides may have the same or diff^ 
amino add sequences. 

The imrention also encompas^ a method of tnuisfeaing a mammalian cdl with a 
recombinant nudeic add, the method comprising contacting a mammaliu. cell with a synthetic 
vims like panicle as described herein 

The im^tion also encompasses a method of transfecting a mammalian ceU with a 
recomblnam nuddc add. the method comprising the steps of a) forming a mature of a symhetic 
virus like partide of the mvention and an endosomal disruption agent, and b) comacting the 
mixnire of step a) with a mammalian cell under conditions suffident to allow transfection of the 
cell with the nuddc acid. 

The invention also encompasses a method of fomnitating a synthetic virus like particle for 
administration to a pattern, the method comprising mixing a synthetic vims Uke partide of the 
invention with an endosomal disruption agent. 

Preferably, the endosomal disruption agent is a fiisogenic peptide. 

nie inveaiion also encompasses methods of enhancing transfection of a mammalian cdl 
with a nGOibinam nicleic add. the method comprising the steps of a) forming a mixture of a 
synthetic virus like partide and a neutral hydrophilic polymer, u described herein, and b) 
contacting the niic&ire of step a) with a mammalian ceU under conditions lufiBdem to allow 
tnnsftetioii of the oeO with micldc add. 

llie irnvntioB also cnooapmes methods of forRiubting a synthetic viiw 
adnintstration to a patient, one method comprisng mixing a synthetic virus like panicle of the 
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tavtmioBwith.nwtnllvdroi^^ 

The favtntion .to «conptt« t ph««^^ 

in idnnxnire with ■ phinntceutia% icceptdrfe 

TT» ph««e«tticd fbn»ul«k,n n»y fimher 
or a neutral hydropfaOicpoiymer. 

Tl» inv«m«» .to ««nv«Me» . method of lmr«^ 
the n«hod compri«„g «lmi„i«ering to the ^ 
of . .ynthaic Blcep^tide oftheimotioo or . 

The uwention .to eacompMse, . method of naldng . eynthetk Vina Bk^ 
transfectmg ««««H.„ cdl, with . recombia«« n«i«c «id. the 

recombinMt nudeic »ai with . plurality of mideic .dd conden«,« peptide, under condhioos 

«^ to permit formaion of asywteic virus fikepwideco^^ 

«*ere,n the mideic add condensing peptide i, . heteropeptide «xl the phH^ 
eonden$ii« peptides has low polydispenion. 

Prefcfibly. the mixing «ep comprises mixing the middc add with a phuality of mnrfdc 

•cid condensing peptides wherein the plurality comprises a first ««Idc add condensing peptide 

wd a second «.ddc add condensing peptide, ead, middc add condensing peptide bang a 

heteropeptKle and each phirdity of nudeic add conden«ng peptides having low polydisperrion, 

wherein the first ««ldc add condensing peptide eomprim a fir,, ibncti^ 
bound thereto. 

The invention also encompasses a method of making a synthetic vims like paitide ibr 
tnnsfccthig mttomaBui cdls with a recombinam nuddc add. the method comprismg mixing a 
rccotnbinam nuddc add with a first plurality of first nuddc add condenwg peptides «h1 a 
lecoBd phirrilty of lecond middc Kid condensing peirtide. 1^ 

fcmwlot of a qntbede viius Uke pvticle contdning condensed middc add. wherdo euh first 
wl «wri i«K«c Kid condensing peptide is a heteropeptide and ^ 
of fludetc add coodenang peptides has low polydispeidon. 

The tnetlwd ato may indude the step of mixing the synthetic viiM Bke ptttid^ 
endosonal diauption agent. 

The fim laiddc add eondeiBing peptide inay caijpito « fiia fi»c^ 
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finW thereto, ind the second idd 

gnmpcovilettly linked themo. The fim and the secoml nueWc idd eondenwg peptide, may 
havethesM«ofdiffere««miK>«adiequen«s. The fi« ami second fiinetionilgroupi also inay 
be the same or diffemit gRx^. 

Each micleie add condensing peptide may have additional finetional gioups bound 

thef«o. and these fiinctional groups nuy be directly bound to the peptide or indii*^ 
the peptide through another functional group. 

TTk niiang step of this method of the invention may comprise t^ 
of first and second functional groups such that the propoitions of first and second micleic add 
condensmg peptides having covidemly bound thereto first and second fimctional groups. 
respeeth«ly. that are mixed with recombinam nuddc add coirespond to this 

The invention also encompasses high predsion d»emistiy in that the bondii»g position on 
a nuddc add condensii« peptide may be' seleaed for covalem linkage to a fiinctional gr^^ 
the position on the fimaional group for bonding to an ammo add on a nucldc add condensing 
peptide also may be sdeeted. The sdection of a bonding position on a nuddc add condensing 
peptide may indude. for example, sdeaing the amino add position on the first middc add 
condensing peptide for eovtlent linkage to the first fimctional group and sdeeting the amino add 
position on the second nuddc add condensing peptide for covalent linkage to the second 

fimctional group. The bonding position may be an amino or carboxy tenninal amino add position 
of the nuddc add condensing peptide 

The invention also encompasses a method of making a synthetic viivs like panide for 
transfecting mammalian cdls with a recombinant nuddc add. the method eomptising a) 
conaaing a phnGty of fira nuddc acid condensing peptides with a iccombinam nuddc add in 
high sab coocentration fbr a time sufficient to allow noncovalent association of the phirality of 
nucldc add coodensiitg peptides with the nuddc add and condensation of the nuddc acid, b) 
dihiting sab concentiation of step a) to a tower sah omcentration and biingii« the sohition 
to a coaccntntkm of neutral hydrophiUc polymer which peinitB stabte pasticte fonnatk^ 

PreftriUy. the inethod also indudes an ad<Stional step, after or comddem wiA s^ 
ofadOag aphnfity of second laiddc add condensing peptides, eadi second peptide eomptising 
a lipid gn>q> oovalottly Gnked thereto, wherdn each first and second nudek add oondenang 
pqtide is a heteropeptide and each phirality has low polydiq)ei8ioa 



II 



wo 96/41606 



PCr/GB96/01396 



Pfef«ri>ly. m itq, bX the dilutk>n is pcffe^ 

Pto-hyaf«oodn«ddc.ddconden«ngpepti^ Ate«dvely.u»dihatioaup«lbr««l prior 
to the «ddii« of the plunlhy of lecond inidd^ 

^The inveaiioa ilso eaconvaie, . H«dHKl of 
.iinsfbctmg n„«„rii„ edU ^ . 

. n-xtui. of . phwBQr of fi« ««deic Mid eondenring pq«k^ 

•« high Hh concemmion. b) incubating the mixture of «ep .) for time sdSciem to dlow 
«oncovtot.«««io„oftf«pa^of ^d^^,^^^ 

«a co«den«ttion of «udcic «id. »,d c) conacting the mixture of «ep b) *i,b . phnility of 
»econdnuekic«Sd condensing pepUdescompriiing.Upid group eovelem^ «eond 
peptide. «rt««in eich fi« «Kl second nuddc add coKieniing 
plurality of mideic add condensing peptides has low polydispenion. 

Further features and advantages of the invemion win become more fiiOy appaiem m the 
following description of the embodiments and drawings thereoC and fitrni the daims. 

DESCRIPTinM THE WnilPpfj 

Before describing the preferred embodimems off the invemion, the drawings will be 
discussed. 

Fig. 1(a) U a sdtematic represemuton of a symhetic vims like panide according to the 
invention (10) comaining a pluiality ofa heteropeptide (20a) and condensed mideic add (50); 

1(b) is a sdiematic represemation ofa virus.like panide according to the invemion 

(1 1 ) con^img a phm% of a heteropeptide having a first amino «^ 

ofa heteropeptide having a second amino idd sequence (20b). a plurality ofa heteropepUde (21) 
having a functional group (30) Gnked thereto, and condensed mideic add (50); 

Fig. 1(c) is t adiemaUc represemation ofa vinis^ike paitide according to the invemion 

(12) coiitainiB8tphn%ofahetefopeptideaO).aphiia% 
fliiM»idn«I group (30) Unked thereto, a plurality of t hetero^ 

group (31)Bnltedthem«^ and condensed mideic add(50). the first ami second Ib^^ 
bdng presem in the panicle in a sdected ratio; 

Kg. Kd) it tichematic representation of a vlhis^ panide icconfing to the ravemi^ 

(13) coataininBapluraBQrofaheteropeptide(20Xaphirilityof»heteropep^ 
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t fint (30) md . Mcood (31) finetionil group linked theieto. nd oondeased midete add (50); 

Fig. 1(e) ii.ichaMtic repreieiiuiion of a vnus^ pmkdeiceoidii^ tothe invemk^ 
(14) cootiiniiig . pluriBty of « heieiope^ 

fuBctiond group (30) Baked tteitto «rf « .econd finu^ 
fiinctionil group, and condenaed nideie add (SO); and 

Rg. 1(0 is a idiematie representation of a vinis^ike pvtide according to the invention 
(0 containing a plunlity of a heteropeptide (20). a phiraltty of a heteropeptide (21 ) having « 6m 
fiinctiondg«»v (30) linked ther«o.apU,nli,yofaheterop^ 
group (31) linked thewo. a phiia% of a heteropeptide (25) havii« a third 
linked themo. and condensed nudcic add (SOX the fiia. second, and tWr^ 
present in the panicle in a sdected ratio. 

Fig. 2(aHh) are representative dectrospiay dau on the nass distribution of peptides usrt 
in the invention. Each Figure shows' the deconvoluted dectrospray mass spectrum. Data 
collected on a VG Instruments Quattro n Instrument fitted with a Quadropoie analyxer. Peptides 
were dispensed and diluted into aeetonitrite: methyoxyethanol; trifluoroacetk add and injected 
directly into the instrument source; 

Fig. 2(a) refers to NBCl; 

Fig. 2(b)toNBC2; 

Fig.2(c)toNBC4; 

Fig.2(d)toNBC7; 

F|g.2(e)toNBC8; 

Fig.2(0toNBC9; 

Fig.2(g)toNBC10;and 

Ftg.2(h)toNBCI3. 

Fig. 3 it a gd retardation assay for nuctdc add condensii^ peptides. Complexes were 
•ssemWed and dedropboresis carried out as described in Example 4.1. 

Rg. 4(a) is • grqih showing the effect of excess nuddc add condensii« peptide on 
untiiseted trnsfixtitMi by ^iithedc vinis Uke pmida 

Ftg. 4(b) is t graph showing the effect of excess iwcleic add condensing peptkle on 
transfectioB efficiency. 

Fig. 4(c) is a chart showing the ei&ct of excess nuddc add condensing peptide on 
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Fq.5dKm.tl«rt«h*tr««ftctionpett^ 
0.6M «di«» ehlocid.. 25«M h^^l.-ZT r 

Ox.a'cdh/^)«^,.5,gDNAp.pol«. '^"^^^>-«'«*.^CdU 
..... ^ t^rfection efficiency of ndividu.1 NBC Dendd^ • 

r«. 6(b) b ti» ...ne experio^nt « described m Fig. 6(.) 
•ncrewd to 0.6 peptide/ l^gDN A. ooiupiJwis 

^*''""V«'>«>*««tr.ceofthedutioo 
chromitognphyof«mi<3)7.NBC2. the wn-exchange 

chroJ*'lT''^''"''''"'"^^«'"^-'^8^ 
chronutogaphy of «„i<l>33.NBC2 .inked vi.««,dbbl1ebond«u.a 

«W«m^c«Tiedoutby,he,„ethod$describedinE«mpIes4 1,«l421 Th.»«.\. r 

DNA On a complex) per «ay poin, ( ,xlo*ceUs/point) v« v^ied fhm. 0.15.5 ^g 

^*«»»*««og»nriH,^^„g,heeffec.ofd^ 
points are the avenge of two replicates 

<venge Of three repficites. 

cdb)«en«Ww«i,v«^ ^ 

ofW^co«ta«ia.ofRSVUK:DNAby ««i^7.NBCl coTOte«.lunco.«„g^NBC, 
Peptidei««detaiBinedbyieparitegelretaidationaiialy«^ Complotei wthenanenUed 
"described in Exwple 4.1 «i,h various propoitiow Cot^ugated «,d 

««oo.fW«edNBCl *«««Wedin«l«ivepropo^ 
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the mideie add. u detoflted in detail in Example 6. 

Fig. 13 shows the time course for expression of the hidftnse reponer gene after 

transftetion of Jurkat cells with ami^T-NBCl complexes usefflbled u described m Example 

4. 1 in the presence of 0.6M sodium chloride. 2.5 mM HEPES buffer. pH 7.4. 

r«. 14 showsthetajgctiag ofludfaase reporter gene DNA to HepG2 cdb using insulin 
receptor-mediated gene transfer. 

Fig. 15 shows that the levd of insulin receptor targeted gene transfer is fimi^^ 
transfection in the presence of unconjugated Kgand. The comrol deUveiy system in this 
experimem was a non-targeted gene complex composed of 2uB NBC13 per fig DNA in 
combination with 0.6 Mg Lip8 per ug DNA. 

Fig. 16 shows the transfection of HepG2 cdb using mannosylated NBCl/pRSV Luc DNA 
complexes. Complexes were assembled u described in Example 4.1 and assayed as described m 
Example 4.2.2 except celU were incubated for both 24 and 90h after ttansfectioa 

Fig. 17 is a histogram showing increased transfection effideney obtained if 
N-palnwyl-NBCl is incorporsted in the complex. Ami CD7.NBC1 conjugate was co^ondensed 
with increasing proportions of Lip2 as described in Example 4. ] and in the legend to Fig. 12 and 
used to transfect Jurkat cells as described in Exanqjle 4.2. 1. 

Fig. 18 is a histogram showing increased transfeqion eflRdency obtained if 
N-paliwty|.NBCl is incorporated in the complex Ami CD33.NBC1 coryugate was co-condensed 
whh increasing proportions of Lip2 as described in Example 4. 1 and in the i^end to Fig. 12 and 
used to transfea KS62 cells as described in Example 4.2. 1 . 

Fig. 19 is a gra^ showing the effect of the presence of li|Mdated nuddc add condensing 
peptide on the transfection eflSdency of synthetic virus like panicles. Complexes were assembled 

is described in Example 4. 1 using NBa and Lip2 and assayed using HepG2 cells as described 
in Example 4^.2. 

Fig. 20 dwwsthe effea of Up 2. Lip 7. Lip 8. and Up 13 in combination with NBC 

peptides NBC2. NBC7. MBC8 and NBCI 3 on non-targeted transfecdon of Juricat cells using RSV 
Luc hidfbase rqiofter gene DNA. 

F«. 21 dio«« die efte ofLip 13 and paln^l poly-^fdne in coiabinatian 
or NBC13 00 transfection of Jurkat cells ua^g RSVLuc ludferase rqxxtcr gene DNA. 

Fig. 22 is a graph showing transfection of HepG2 and KS62 ceils using a synthetic virus 



IS 



wo 96/41606 

PCT/GB96/01396 

likeinnide. 

«yntl«Kwu,hkep«iclefon«d.tic«ont«arf^ «»««m. 
8«DNA. I>#«elriK««teeffeoftheNBC2/Up2c^ 

.0%reG.0,(«,^I>.p,«e5shows.he..e«ob.e^ 

PEGJ0.000 «J nno pho,ph«e buffered sa!i„e conui«„g ,(,/. PEG 1000 «kI 0.6^8 Up 2/Mg 

Fig. 27 shows the dllw of naintaWns various fonini^ ^ 
fommlatwns S6 . S19 are aimnttrized in Example 13. 

Fig. 28 i, a histogr^n showing deliveiy of the synthetic vi™, Uke panide to periphenl 
blood moaraidearcdls. 

r» 29 b a Uttogn.. showing delivenr of the symheiie vfaw Gkc partide to Jurlut eeU. 
>nd poiphenl blood nononielear cells. 

Hg. 30 is a aerie. of photographs of cross-secUon. of tunwr ti««« which has been 
» vivo by . aynthetk vin« Hke 
»«uiictt«| u.btoecolor. The experin««, were perfonned wfah NBC2Ajp2 con,,!^ 
and fcnmdated m a high sah fonnulaUon a, d^ 
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l^31(iH0i»«fcriefofpliotogrip|«oferofs.ieetionf flmnortiMue which hii been 
««ftctBd in wo ly« synthetic viim like 

it indicted «.WuecoIor. TT« «xperin««, were perfenned with NBC13/Lip2 con,p^ 
■noabled and fonnuUted in m isotonic fenmilation u described in Exm^iie 12^.2. 

DETAn.FT> nFsrRTPi7()Ttf thp i^p ,/!^^^ 

The invention is bued on the discoveiy of . highly effidem 
v*ich. when contaaed with a nanunalian cell, transfen nud^^ 
vin« Bee p«tide i«ch«les . ph«li,y of nucleic «id conden«„g pep^^ 
add. "n«ch«cteristiejofihesecomponent$ofthesyntheticviiustt^ 
■nd use synthetic vinis like panides of the invention are described in detail bdow. 

A nuddc add useful according to the invention may be any ibnn of nudde add, tg., 
circular, linear. douWe-stranded. and DNA or RNA. The nuddc add nuy be of any length or 
sequence, e g., a lO-SO base oligonucleotide or a longer vector DNA, e.g.. l-20kb. 

Nuddc acid condensing Peptides According to the Invention 

Nuddc add condensing peptides useful in the invention possess the foUowing 
charaaeristics. 

1) Nuddc add condensing peptides useful in the invention are charaaerized in that the 
peptides are heteropqnides. 

As used herdn, a "heteropcptide" refers to a peptide having a sdected amino add 

sequence. Tht term "heteropeptide" refers to a peptide having an amino add cooipositioD of at 

least two different amino adds. This is in contrast to a "homopeptide" in wUdi the amino add 

composition consists of kientical amino adds. Thus, a homopeptkle consists of 100% of the 

same amino add. whereas a heteropeptide consisu of a polypeptide daim in wfakdi as few as a 

single amino add diflbn fiom the remainder of the amino adds in a duin. or for exaaqrie 5%. 

10%. 20%. 30%. 30%. 70%, 80%. 90%. etc.. of the amino adds in a chain differ fiom the 

remaining amino adds in the chain. A heteropeptide is therefore a linear peptkto consisting of; 

in tenns of its sdected amino add sequence, a variety of Ci.e, at least two. at least three, at lew 
four, etc..) types of amino adds. 

As lued heretic an ''anvno add" refm to any of the twenty natural conmion ainino adds, 
and also mqrrtfo to natund.unco>imion amino adds or anuno add derivatives or analogs. An 
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V^, et.l.l9M. J. B«l arm. 263:14621; ««IWu«d.. 1988 Biod^m 27 k ■ 

,1.''^""' .r p..,™*^.^-:'^ 

ofclioBeiiy^mlwiiedpepiM. 

■«»«.l-«.M)I<1.0I.«dp«ft„bl,h«.JDl<1.001. N«M.«i.»,to*.--id. 
I«P«U<« ll» of Mom. „^ b« . MH rf ,.0 ^ tt„ „ ^ 

■•~<»*I»n«r. ■»»>«'l««i«.>'1i>h"pols*pnioninde,ntalOim 

>1.3. and geaerally in the nnge of M.2.0. 

^Ti«epolydi.per««i indec is u«d .o ch^weriie the nutoutar v«ight 
Polymencoo«pou«dt for. polymer having. iK««8e«ou.dl«ri^ 
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wei8toaft.«*«thepolyiiierpftpiiwioncontt^ ul.O.Midfor 

thigWyhet«)geneouipob«ierpctpwt»^ 

d»tributioo of noiecular wdghu) the vafaie ^roaches 2.0. 

llie polydisperrion iiid« of a pq.tide prepandon nay be 
method* which ait docribed below: I) using Hght scattering and colligative properties of the 
peptide prepantion to detennine the weight and number iver^ mokcular weighu of the 
peptides in • prtpawion; or 2) using eiectitvspriy mass spectrom^ 
weights ofpeptides in a given prepantioa It is critical to the invenUon that the PDI be calculated 
•ccordingtothemostaccurateofthetwomethod$.le..deetro^««ssspectnm^ Th« 
is, the fonner method of calculaUng the PDI provides onJy a rough estimate of the PDI m that, 
fiw « given peptide prepantkm. the laiio of Weight Avenge Moieoilar Wdght / Number Average 
Molecular Weight for heterogeneous polymers may be determined, respectively, by fight 
scattering and from colligative propenies of U>e peptide preparation (G. Odian in Principles of 
Polymerisation. John Wiley and Sons. 1981) One such coUigative property is viscosity (supn,). 
However, these parameten for measuring weight and number average molecular weights, are not 
accurate enough to be used in tiie determination of the PDI ofpeptides having low polydispersion. 
because they provide only a rough estimate of the PDI. it., only to within IV. of die mass of each 
peptide componem of the preparation 

For peptide prepantions having a PDI <1.01, i.e.. those peptide preparations symhesired 
according to methods described herein, a highly accurate measuremem of peptide lengtii in a 
peptide prepantion mist be provided such that the accuracy is within 0.01% of die mass of each 
peptide component of die prqnntion. and preferably within 0.001%. 

The PDI fiu- polymer peptides disclosed herein may be calculated from analysis of die 
peptides by dectfo-spnqr mass specuometry. This mediod gives the exact mass of each 
coinjoiient to widu 0.001%. Representative eleetfospmy mass sysectomeny dau of die peptides 
wed iaiheinvettion are provided in Fig. 2(aHh). The PDI vahies of die peptide prepantions 
uaefiJ in the present invention are in the range of 1.0 - 1.01. Calculation of die PDI from 
dectospny data siOustratedm Example 3. Peptide pr^aratiooswUcb ate eqwdillyusefiil in 
theiiivenliaBpQCM0aPDI<l.Ol.andeven<l.OOI. In contntt,die PDI vahies for die nucleic 
add condensing pqitide prepantions r^ned m die prior art are >1.1. 

3) Aniao add lengUi and composition of middc add condensiitg peptides of the 
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invmifofl. 

AbucWc .cid cowten«ng peptide wtd,k 
i.e., apendde with net * »■ owe peptide; 

preftnbiy 12^. md more prefoiUy 15-38 D or L «m«« «4i 

b«« «««« .dd. «h « .y^n.. hl,idl«, or^Ud-e or a 

^"^•^^"'^S-S peptide «cortiag to 
rorc«„^..«-50r..due.i„.«^.Hichl„cM^ 

prrfmed^tl.cy«ei«e««. threonine ^sidues be loc^^^ 
«ch tlut they „»y .« « h«dle, for covlent of 

^ m«l«c «id condensing peptides useful in the invention also indude peptide, ^ . 
»«8e proponion (e* 30%.90%) of the ««„o «»d eompo«Uo« of the peptide i. . »gte b«c 
«n.na «id specie,. .„ch « b«ine For «c«np.e. . heteropeptide which in^ . «p.e«* ^ 
from .pproxi««e.y 8 to .pproxinutely 30 ,y,y, reddue, b u«fU according to the invemioa 
However. . peptide which is . homopolymer of lysy, re«dues U «,t „.elul ^cording to the 
---"•on bec«»e hon«polymeric po^ysine tends to be cytotoxic «d to nick nonspedficdly to 
eea«,rte.u«ierce„«„co«di.io^ ^ '^^PO^yn.ric nudeic «d conde««„g 
comenvlted herem «re ^fvamtgeous over homopdymer, sud, u poJyly^ne. 
/)^P««^««ieic«ndcondcn«ngpeptidei,.peptid^ 

SuApcptide^ofwhid,NBC7«KJ^mCII(de«rt«lherein)«,pedfce^ 
be«de«gned to imerKt with DNA by interacting through . confemutiond «nicture th« is 

•Ipbt hdicd. Where. fiuKtiond group is covd««lyUdced to the peptide; it foBowatha the 
fi«*o«lgn),VOftteoGi|u8ttm.ybepositk^ 

«o M to be optiiBiny otpo»ed to the outer aiiface of the virus like 

We tavB fixuned on the eonformatioad ttucture of DNA<oi*igiie conplm O-fe 
DNA WHwovdemly .iKKiited with . coigugae wWdi 

covdentbr linked to tibnctiondgioup). Therdev«tiMenDolecul«im«Mion.«.«&«iby 
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building . rigkl w£Wd wKch wai .pedfittily dock ^^ 

fi«nctionrin)oiev«*tl««ericlrindr^ Sueha rigid Kiflbld is p««*led by 

any peptide which fonai « sibie a-ltelix. 

A nuiDber of pretdas thtt ipediicdiy imena with DNA (e.g.. P22 ero. rtpresior trp 
repreuor. Op. etc.) im«et through an «-heDx «nicture (10 «idue) which layi acrea the 
majorgrooveoftheDNA helix. Thiaa-helixiauauaUy followed in the polypeptide by a levene 
turn forming the helixHuni.heiix motif which is charaaeristic of these proteins. Most of the 
imeriction. that these sequences make with the DNA are weak hydrogen 
andbases. This U because the fimction of these domains is to recognize a particular base 
sequence and then trigger a eonfonnationa] change. We hypothesized that if such helices are 
designed so that the hydrogen bond* were replaced by ionic imeraetions. the binding would be 
much su-onger and useful to us as a docking/condensation peptide. 

A peptide having an a-hdical scaffold is designed as follows. 
Using a molecular model of a 10 residue a-hdix, a hdical whed and a modd of B-DNA. it is 
sppaient that strong imenoions can be made using a repeating sequence motif of X,X,.BB.X,X,. 
BB.X,X, . where X, is a basic residue interacting with the phosphate on one side of the major 
groove and X^ is a basic residue interacting with a phosphate diametriedly opposite the other side 
of the major groove. Either of X, and X, may be, for example. Lysine, arghune. or Hstidine. 
Lysine. Aiginine. and Histidine are prderred because both amino adds 1) are of suffidem size to 
bridge the major groove gap. 2) will interact strongly with phosphate and 3) are strong hdix 
formers. If the residues BB are dso residues with strong hdix-forming propensities then the 
peptide will form a stable a-hdix in solution. 

Piefared ouddc add condensing peptides according to this aspea of the invention will 
&11 whhin the generic fisrmula 

NH,.A-(»CVYXXX^,2A2.WX?CYV)ii-XX.B<:00H 

w*ert X is a iiaturdly occurring or synthetic amino add carrying a posi^ 
gioip on the side daiB «d» u lysine, arginine. 2.4^amnu)4)u^ 

or t noiMiaturd amino add comafaUitg a dde chain havii^ a secondary or teitiaiy amine gro^ 

where Y is naturally occurring amino acid which htt a high propeosi^ to prtrnme 
hdix formation as defined by WiU and Thormon (1988) J. MoL Biol 203. 2221-232 such as 
GUitamic add. Alinne. Leudne. Methionine or Qutamine, Tryptophan or Histi^ 
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Where Zm are Bttufilly occwiiv tmiro tcMs whh at l« 
• I^Bh |»0|««ly to fcnn lUbiliad turn 
«uch M. Aipangiii^, Glycine. ProBne. Serine, and 

1^ A i. N^emnnd Serine or Threonine allowing specific 

to «. aWdvde group *ith periodic «id ««| thereby pennitt^ 

•mwher motoeide canjM, . ,t«aive hydnzide or an>ino<K^^ 

wl«Bi.«ymi«,,cidbutpreferrt»ly Alurine. Gh««n« 
n - 2 • 4 and n " 2. 

Ui.alMeoBten*taed«xo,ding to the invention that peptides ui^ 
eo««« one or n«rei«ernd Serine. Threonine, or Cy«einere«d«e..p^ 

the sequence which win be exposed for conjugation to a seleaed Hgand, and thus 
P«»iitivdyeh«Bed(DNAoriemed)&ceofthea-heibc. TO« positioning of selected reactive a«iao 
«3d residues within the peptide and oriented such that they do not cofltaa tte 
that contactt DNA peraAs coivugation of the peptide with other AmetionaJ peptides by bonds of 
selected «id defined «abilhy. Cy«dne allow, specific conjugttion via the thiol side ch«n to 
compounds com«ning other reactive thiol groups (via disulfides), alkylaring fimctions (to fenn 
thioetherbondsXorotherthidreactivcgrocpssuchasnialeimidederivatives^ Bonds of "defined 
subility- are described herdnbdow. and indude bonds «id, as «ad tabile bonds (hydrezone) or 
linkages that are less stable in the redudng environment of the cytosol (disulfide). Sud. bonds 
are usefiil for carrying fimctionai groups on the synthetic virus fike partide. 

In thu aspea of the mvemion. a peptide wiU comam: I) hdix-fomung amino adds. 2) a 
repeating threcKfimensional structure that contacts the major groove of the DNA. 3) suitable 
chremophore. fi^ qMn,i,«io„. «, 4) , ofhandles- (Le.. reactive sites) for regio^c 
conjugttioo of Itganda whidi form accessoiy fimctionai domains. Examples of sud> peptides 
include >ffiC7aadNBCn. to these peptides, the threonine at poaitioo 1 is available for oxidation 
to giyotcal and ifaerefiM tor coiyugaUon via an oxime bond, tryptophan at positioiu S and 28 are 
chrenophoreawhkJtwIDaDowquamitttioninA^ Thelysineat 
po6ioo9ofNBC7andtheghiiamicaddatposhion9ofNBC.n are available fix- regio-spedfic 
CODiugatkn vii fcduetive miination. peptide bonds, etc. and the cystdne at podtion 16 for 
ooqugatioaviathioetheranddisulfidebonds. TheC^erininalghitamicaddofNBC7is«vailaWe 
for inodification to a hydnade and therefore for (Kwplmg via an oxiine or l^dnzo^ 



22 



wo 96/41606 



PCr/GB96A)1396 



5) Another prdcmd midde tdd eondewing peptide is a peptide comprisiiig i sequence 
which is derived from ■ sequence of histone HI protein and other ln.n..n hiftonr, 

Kstone HI is ■ highly basic protein of the histone th« is found in «n 
organisms. KsioneHl unSkethenu«orityofothermen4eaofthi»&n%do^ 
an integral part of the nudeosome. Histone HI is befieved to interaa primarily with those 
metches of chromosomal DNA linking the nudeosome complexes of duomatin (Allen et al 
Natuie288(l980).675). Histone HI binds to naked DNA with the same salt dependence as HI 
depleted duomatin (Kumar and Walker (1980) Nuddc Adds Reseaidi 8. 3 135). 

Msione HI proton is not usdW as a componert of a gene thenpy ddiveiy vdude because 
it Unc« readily avtilabk and is a biologicd repressor of its own transcriptiw^ Recombinant 
histone HI camiot readily be produced by n««nb«am methods, and the proton « too 1^ 
be synthesized dwmically. Purification of HI from mammalian sources other than human cdls 
poses a safety hazard. TheuseofhistoniHI to promote the condensation ofplasmidDNA for 
transfeaion is Ukdy to reduce expression of the delivered gene because HI is part of a general 
repressor medunism where the presence of excess histone Hi leads to reduced transcription 
(Wdntraub. ROMS] cdl. 705-71 1. Croston et al. (1991] Science 251. 643). 

Nuddc add condensing peptides of the invention, however, may indude those portions 
of H I (sequence I, U or III bdow) which are identified herdn as sequences whidi possess U>e 
abilitytocondensemideicadd. TWore. a nuddc add condensing peptide of the imremion can 
comprise a linear combination of the following three consensus sequences where the total 
sequence length is >1 7 residues: 
Sequence I: 

-K*.X.P.K-K.Y.2-B.P.A.J. 

where: K is Lysine. P U Proline; A U Alamne; X is Serine, Threonine or Proline; Y b Alanine. 
Proline, or VaBne; 2 u Alanine. Threonine. Lysine, or Proline; B is Lysine. Alanine. Threonine 
or Valine; and J is Alantoe or Valine 
Sequeaoell 

-X-K-S-P-A-K-A-K-A- 

where: X it Alanine or Valine; K is Lysine; S is Serine P is Proline: and A u Alantne. 
Sequence m 

-X-Y-V-K-P-K-A-A-K-Z-K-B. 
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-A.B^.D.E.F<i.H.I.J.K. 
NBCl has the fonowing stnieture: 

>WHSV4o>a.SHS«, i].[s«, n].[s«, mHsv40NLSHScq ik-cooh 

NHrX-(Y),^^OOH 

Paitkutoly prefered peptides are the following: 
NBa htttheitnicture: NHHSeq ni].[SV40NLSlHSeq IK<»OH. 
where -C. Is Cyiteiae. ^ 

NBC8 has the stiueture: NHHCon Seq IHCoa Seq IH:<X)0H 

NBCI3 h« the sttucture: NH,.[Seq I].[Seq IHSeq IK-COQH 
where -C is Cyaeiae. 

NBCIO h« the sm^ure: NH^Seq IHSeq iHSeq I].tSeq IK-COOH 
where -C- is Cysteine. 
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SymlKtic vin» Bke p«tide. pr«p«d with NBC I or NBC2 pe^ 
siltat >10MgAnl;the«fe«.theK peptides ift preferred wl^ 
fonnuUtioo. 0«efilly, If Uk ptrtidei « confbraat^ 
imerietw»«ibk.ti»thuiiIi<fito8»otobien«^ 
Howevtr.k»pitlbied«cordinBtoU»lnvemlo^ 
i»h> presert duriflg foimuUtion of « fymhetfc vimi Uke pa^ 

Sequences NBC8 . 10 ire derived from part of NBC2 but lack the midear localization 
sequence and have a repeat n»df(,eq. 1. n or m above) which h« end,led US to look at ft^ 
effect ofpepddekagtb on functk)n. NBC8 has a double repeat of this sequence. NBC13. triple 
repeat and in NBCIO the sequence is quadrupled. 

The sequences of NBCMO are as follows. 



NBCl 



NH2-PKKKRKVEKKSPKKAKKPAAKSPAKAKAKAVKPK. 
AAKPiaCPKKKRKVEKKSPKKAKKPAAC(AcinH:OOH 



NBC2 
NBC4 
NBCS 
NBC6 



NH2.ICPKAAICPiaCPKKKRKVEKKSPKKAKKPAAC(AOT 

>m2.KlCAKSPAKAKAKAVICPKAAKPKKSPKKAICKPAYAC(AcmK0OH 

NH2-KPKAAKPiaCEVKWaCKPKKSPKKAKKPAAC(AanK00H 



H2< 



•KAKAKAKPKAKAKAKPKAKAKAKPKAKAKAKPKAK^ 



NBC7 NH2.TRRAWRRAKRRAARRCGVSARRAARRAWRRE^00H 



NBC8 



NH2-KKSPKKAKKPAAKKSPKKAKKPAYC(Acni>C00H 



NBC9 



H^TKKSPKKAIaCPAAKKSPKKAKKPAAKKSPKKAKKPAA^ 



NBCIO NH2-KKSPKKAXKPAAKKSPKICAKKPAAKKSP- 
KKAKKPAAKKSPKKAKKPAYC(AcmKOOH 
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NBCll 
NBCI2 
NBC13 
NBCi4 



'^^KHoocKiaaaaciciacKKc.cooH 

A» used herein, i-limciional group- refers to. ««« • 
For eamnle^ L.- ^ . * «»»>>e«Bftce oft tifgetccU 
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^^'^^^^^ PCT>GB9M„39« 

taaosfycepntan. F"ea««pte.antibodi«wKchtiigetceto 
mte8rinsfcrtii8edi«k««iao<ve^ 

or CD8 for UiBeting TcelJ.. ««i CD33 for tigering nK,«ocyte/n«croph.g«/dendritic oell 
procu«»^ ami-HIA am n (coiwam region) tor tirget^ 
dorfritk:edl^«I^.CDl9orCD22fcrt«B«tingBe^ 
edU include but « not Bnrited to PEM (polymorph^ 

c«Km. art CIA(carcii»enibfyomeintiga)col«^ tumon. ami MAGE for mdanoinas. and 
«nti.EGFR.f (epidermal Growth factor receptor-l) for hing tad breast eancers. 

A taigetii« Bgand ujefU according to die invention wffl 
Ka-<10nM) «,d ^ccific affinity a specifK: Hg«ul on the t»get ceO type. In practice, the most 
useful taigeting UguKls are monoclonal antibodies or a receptor molecule, such as in«,Iia or 
epidennal growth fietor. or altematively.the binding domain of a receptor binding molecule such 
as that of E-sdeetin. 

One type of targeting ligand useful according to the invemion comprises the protein 
hormone insulin or a derivative of insulin to direct the synthetic virus like panicle to ceUs 
expressing the insulin receptor, where the insulin or insulin derivative retains receptor binding 
properties when conjugated to a nucleic add condensing peptide. The synthesU of insulin and 
insulin derivative conjugated peptides is described in Example 1. 6 and 7. and the use of such 
peptides for targeted gene transfer to insulin receptor-beaiing cells is described in Example 6. 

The efficiency of trmsfer of nucleic add from the synthetic virus like partide to the target 
cell may be dependem on the density of the ligand in the symhetic virus like partide 
Receptor-Bgand mteraetions which trigger endocytosis usually involve iniiial oligomerization of 
the membnne bound receptor Therefore. U is prefeired that the syntheUc viius-like partide 
described heron be used in an amount effective to allow for dustering of bound teceptor at the 
cdl auftee. One way in whidi such dustering is adueved is to synthesize a peptide containing 
« chiitetirf HgiiKl, such M ■ dustered monodonal antibody, as described m Example 6. 

The taigetiflg BgMid can also be a sugar residue coupled diiecdy to the amino group of 
an anano add of a aideic add condensing peptide or indirectly linked to the peptic 
through a functional group. Syntheses and us« of audi derivatives are described in 
Bxanq)lesl.6.andll. 

b) FuncUonal groups of the invention also indude fipids and thus, when coiyugated to a 
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-iftiipi,. rii"^ 

t»K present invemkM. ^"^"'^«««tt«ttfcr«*ofdingto 

in the particle foomUrion confersTr ^he pr«e«e of Upid««l peptide 

P«K:le to v«ou, I«d. of hum« p|«„. u. .he tr^ufection medium (Fig. 23) 
c) A fimedond group wWch i, . „eutr.l hydrophllic polymer 
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StabUhy of htadn PI»nn«eeutial5 P«t B. pp 265-283). Tte theonr of the «ioo of these 
-.biloing .Idithre. U ite «.bair«ion i. brought 

«««c,K»oftheprote««ul.olve««Whh^ Thi„ende«cy of the pn„d» «Ace to repd the 
«4ilizmg «lditive torn the hn«ed«,e vkinhy of that «^ 
M«k«orne8«n«b«dii«. Tl«i..theco«cem«ioaofth««Jditivta,.rthep«eia 
.s much Io«erth« in the bulk K>lven.. Thus, when pioteb. « den.tu«d or unfolded, the 
"fi««.ofthepobi«ptideth«bmeo««vAhthe»h««ta^ Because 
the prefatwi.. «ch»on of the «)lve« «Mi.h* fo^ 

» eterly proportkwl to sirto the n«ive conpaa «a,e wOl be fii^ 
(extended) state a. leas soWent additive win have to be prefcremially ecehided ftom the native 
state. Compound, wWch have this effect are those *hich typically do not have «n)«g polar or 
K«c intenetions with the protein, do not have strong hydrogen bonding functionaliUes «xi have 
. tendency to repel non-polar molecules". Such compounds are polyols. such u «.ga«. glycerol 
and hydrophilic polymers «ich as polyetheylene glycol, methyl ceHulose. poly vinyl alcohol, 
polyvinylpym)Udine. hydroxy propyl ceHulose. pulhilans. polyoxamers. poIyox«»„es. 
polysorbates. and poly (2-hydroxy propyl) methaciylamide. 

Much of the work in the liierature on condensation of middc acids has focused on the 
influence of ionic strength on aggregation and size (Gacia Ramierez ibid, Ferkol. WO 95/25809). 
The degree of condensation achieved by mixing cations and DNA in the presence of salt generally 
do not approach the degree of condensation found in natural chromatin. We hypothesized that 
increased DNA condensation could be achieved by applying the principles of protein structural 
stabilization to cation-DNA imeractions That is. when multivalem cations neutnGze the high 
negat^e charge density of the DNA. the forces of electrostatic repulsion which ensure the DNA 
hdix is extended (fisappear and the DNA simaure collapses (condensation) as hydrophobic 
interactions between segmems of complexed heUx predominate. Given the length and rigidity of 

the DhU heliic. there wai Bin be forces which win increase the packing density of t^ 
ooUapsed ttate. 

We hypotfaeazed that the use of co-solventi whtdi ve cxchided irom the nrftce of 
JvJiophi*ier«irftce«, ucb as hydrophific poiymen (poiyetbykae glycol (PEOl. phmttie polyols. 
polyvinyl alcohol. pdyvinylpyrTolidine) should lead to higher levds of oueldc add compaction, 
lower aggregation, more stable formulations, and thus sraaUer overall size of the partide. This 
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1m ten observed experimenuDy. 

which ^'"^'"t:*!'^'^'''^ 

r ^ "^""'"^ ^BHt «^ .000 . ,00.0«0; p^, 
n«..ad..««h.««e .000 - 50.000; .ndn^stprcf^ 

d.re«^„^^y.cav.e«.yB„kcdto.peptideu«a..|„u. 

.00^ during fon«.taUon of. symhedc vi™, Uke p.nide (.ee Wow). Whhout bdn. 

^to«^onethe«y.hl,beU.vedth,.«th«r«,eof.„am^h^^^ 

tothe»„«^«„,«i„be„er«uc«c«i^ 

of,hc.y«h«: v^Bkep^ide. ^ thus produces better Section efBc««y of the p«tide 
with respect to tirgetcdls. 

A neutr.] hydiophflic poly„,er m.y be linked to . peptide. »d thus pre.e«ed u . 
fiMKtional group, as described m detail in the Examples. 

d) A fiinctional group which is an endosomal disniption agent. 

A fimctional group useful according to the im^Uon inchrfes a Ug«ul which serve, to 

pnmKxeuptakeofthesyntheticviruslilcepanicleby.cen. M«.y peptide molecules are known 

"the art which havetheabiHty to promote uptake of.moleadeimo the cell, e.8.. by di««pti^ 
n«nW The ««,t useful of such peptida for symhetic vin^ 

'A^ht-deiBo.lfldq^dem conformational change..^ 

vuu.^ The «iueture«>d flwhesis of such a peptide is provided mExM^ 
AddltiooalfiMogenic peptides useflil accordfa* to ^ 

fiMogeak peptkk «hm Seodai Vinis h« the amino add sequence: 
»««»fli»<aj^Ab.VaI.lI^ 

Ile.AI..Lea.AMaiHAto.A,g^Al..LyvAn..OH (D. lUpaport and Y. Shai. J. BloL Chem. 
1994JW.15124.1513I). The fuiqgenic peptide sequence fiominVgp41 protein: 
H.AI..VaMSb^IMa^AWxu41».Leu.Gly.Pbe.l^^^ 
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Aig-Ser^H (M. Rafidasld. J.D. Lear ud W.F. DeGndo. Biochemiwy 1990^.7917.7922). 
The fiisQgeaie pqitide tequenoe from Paradaxin: 
H.GIy-Phe.Phe.Al«.I^IIc.Pro.Ly».ne.De.Ser.Ser.IVo.I^PI».Ly,.Th^^ 
I^.Ser.Ser.Ser.OlJ^<3M5MSIu•OH (D. Rapapon. G.R. Hague. Y. Poiny and Y Shai. 
Bioehemistiy I993.J2.3291.3297). The fusogenic peptide sequence from Meihtin: 

H-OIy.IIe.Oly.Ala.V.I.I^Ly.-V.|.l^.Thr.Thr.CJIy.Leu.Pro-Ala-l^.ne.S 
Afg-Lys.Af8.aii.Gto.NH, (C.R. Dawson et al.. Biochem. Biopfays. AcU: 1978.5/0.75). 

A mechanism by which a fusogenic pepUdc is believed to promote uptalce of a synthetic 
virus Eke panicle by the cefl is as follows. At neutral pH the peptides have a nmdom stiuctuie 
and Uttie or no interaction with the ceU membrane. The peptides emer the endosomal 
compaitment by diffusion or preferably by being carried in as part of the virus like particle. As 
the pH of die endosome drops, the HA peptide forms an a-hdical structure or aggregates thereof 
and these insert into the endosomal membrane and disrupt iu imegrity. 

e) A fitnaional group according to the invention may be an en^me. 

As used herein, an enzyme is defined as a molecule which. «*en covalently linked to a 
nucleic add condensing peptide of the invention, is capable of effectmg a biological activity 
involving breakage and reformation of a covalem bond. Examples of such fimcUonal groups 
indude a recombinase or an imegrase, both of whidi promote recombination of the recombinam 
DNA with cdhilar DNA, or an imracelluiar traffiddng enzyme, or reporter enzyme sudi as 
horseradish peroxidase, as described in Example 9 

f) A fiinctkmal group according to the invention may be a nudear localization sequence. 
Nudev kxalization sequences useful in the invention indude sequences vAuch resemUe 

the short basic NLS of the SV40 T antigen described hereinabove: the bipartite NLS of 
nucteoplaamin; the rfixMudeoprotdn sequence Al. the small nudear ribonudeoprotdn sequence 
UlA. and human T'tymphotrophic virus-lTax protdn: the HIV matrix protem NLS; aiKi the 
nudear tranriocattm compments importin/hSRPl and RanHtM. Of partkadar use m die 
imwntioo ia a iMcfcB- tocalizatkm consensus sequence IOO£(K/R) flanks 
(1989) Biodiem. Biopbys. Acu. JM. 263, herein incorportted by refaeoce). or the nudear 
kwafizttioa Mqiienoe of nideivlaanin (Dingwall and Laskey, Treads in BiotedL 478 (1991). 
or the NLS from antennapedia (Derossi et al.. Jour. BloL Chem. 2fi2. 10444 (1994)). 

The invcndon thus also encompasses a nudde add Gondensiiv peptide which is linked t^ 
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ExunpielO. <>fhiiRNP AI U described m 

A «.de«f loctoion n«y be covilently Briced to . 

Pepudeor,^^^.^.^,^^^^^^ --^^ 

«.c.e.c^dco«ie«i^p^ei„^p^.^^ 

"Wl condenang domim. b« dso » nuclear locrii«l«, ,eou««s ^- 
Of the vehicle u> the micleus. Ex«„p,e, of such nuZllir^ *«ca u«»pon 
NBC2.des«h««i™ ^. • ™^^***'«>"«^8 peptides are NBClttHi 

1. Stable linkages 

P-C-HO-NBC Oxime 
P-S^-NBC Thioether 
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R*(R"X^>W-NBC 




Thtoether 



Amide 



P U «5r <rf the ibove-Daed fiiiwioiHJ groups, and NBC reto 
peptide. Tlie syntheib of thioether linked components is provided in Exunple 6. Amide Knlcages 
may be formed by reduction of SdiifTbtse bonds formed by reution of aldehydes and amino 
compounds. An example of this synthesis is given in Exan^ 6. 



2. Add Labile tjnir^gfr 

After endocytosis. neither the functional group nor the fiisogenic peptide need remain 
bound to the synthetic vinis like particle.. Upon entry of the partide into the cell, the newly formed 
endocytotic veside rapidly addiiies and incorporation of pH labSe bonds in the structure can be 
used to shed these components from the particle. The preferred pH iab9e Unkage is the unreduced 
hydrazone bond. Hydnzone bonds are readily synthesized by the reaaion of aldehydes with 
substituted bydrazides. 

P-CH-NNH-NBC Hydrazone 

The synthesU of such structures is provided in Examples 6 and 8. The synthesis of a 
protease-deavaUe add Ubile linkage is described in Example 8. 
3. Reducible Linkages 

The cytosd of ininmuJian cells is kept under net reducing conditions by the synthesis of 
reduced glutathioie. Disulfide bridges, therefore, are cleaved upon abMrptton of molecules nito 
the cytotol. Ibis linkage is therefore usefiil for the coupfing of peptides to the synthetic virus fike 

P«tide w^wsc fimction is not necessary after the partide has entered the cdl (for example, a 
targedpg protein or a fiisogenc peptide). Disulfide iihkages are readOy tymheazed by employing 
thiol residues activated with the 2.pyridyl group (Carlsson et al, Biodiem. J. 122, 723.737 
(1978)). 

P-S>S*NBC Disulfide Unkage 

Examples of the lymhesis of such compounds are provided in Examples 6 and 8. 
Linear or Branched Chain Polymers 
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The lyntfaetkvinis particle iniycon^ 
in geneni tenns by the fbnnulae: 
LINEAR POLYMER: [PJ 

L 

NHHXJCONH(YXX)R' 
BRANCHED POLYMER: 

NHj-(X.IL.PJ.COINH(Y) 

CHCOymCH,(Y)COR' 

NH,-(Xi[L.PJ.CO[NH(Y) 
Where: 

P is « protein or peptide or other chemical aabstantt 
of the following groups: 

( 1 ) A tuigeting protein or peptide w}\ich spedficaliy tmencts with t structure on the suffice 
of the target cell 

(2) (1) above in combination with {i,e., conjugated to) a |»otdn, peptide or other chemical 
substance whidi fadlttates the penetration of mendyrane structure (plasma, endosoim or 
nuclear) or interacts with cellular components to enhaiKe transport to the nucleus. 

(3) (I) above in combination with (i.e., conjugated to) a lipid derivative with or without the 
agent described in (2) above. 

(4) (IX (2) or (3) above in combination with a protein, peptide or other chemical substance 
which enhances the expres«on of the delivered genetic material such as an imegrase or 
reoombinase en^me or other enzymatic function which enhancestransport of the complex 
to the nucleus or aids integntion of DNA. 

X. b a nodeic acid tnnding component comprising an amino add sequence or other 
faioiogkal aequcnce contaiiung monomer umts which are capable of bindmg to nudeic add, and 
preftrably containing at least one midear localization sequence, where a is 1-5; 

L is a linker sequence comprisng an amide, hydrazone»reduced faydrazone, disulfide, 
tfaioetber or (Ssulfide bond. The linker sequence may be a ti|rid or poly^^ 

Y » (-011)^1 iirtieret is and preferably 1*S; 

R' is -OH, -NHj or (HOiJ^CH, where n - 0. 1 -3 , 

wherdn, in die branched polymer, the second chain comaiim^ 
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as mr different from the first chain. 

Characteristics ofSynthetk Vinu Uke Particles of the Invention. 
OOveraU Chaise 

Syirthetic vinu lilce particles of the invention wiU possess an ovenU (net) charge as 
folkws. Symheticvinis lilce paiticte which arc dcsi 

therefore contain a targeting ligand, will possess an overall charge in the range of 0.5 - 3 .0, more 
particulariy in the range of 0.5 - 2.0, and optimally in the range of 0.8 - 1.2. Particles which do 
not target a particular cdl type, bm are designed so as to transfea a broad 
possess an overaD charge in the range of OS - SO, more particularly in the range of 1 .0 * 3.0, and 
optimally in the range of 1.3 - 3.0. 

The overall charge (i.e.. the balance of poshive and negative charge species) of the 
synthetic virus like panicle are determined as follows. The number of moles of pho^hate 
residues present in the nucleic acid component of the particle is estimated based on the amount 
of DNA to be used in the condensation reaction: 

nM Phosphate in Condensation Reaction - {pig DNA/0.62) x 2 
(Assumes average molecular weight of one base pair « 620.) 

The number of moles of positively charged groups of each peptide is calculated based on 
the mass of the condensation peptides and conjugates to be added to the DNA: 

nM Positively Charged Groups - (^g Peptide/Molecular Weight x 10-3) x No. of Positive 
Charges in Sequence. 

The Charge Ratio is then: 

- E (nM Positively Charged Groups). / nM Phosphate 
where n is each constituent peptide in the condensation reaction. 

The Rudeic acid condensing activity of peptides having differem cfaarBCS and the 
trinsfixtioQeflBcknciesofsymbetic virus like particles havii^cfiSerem charge ratios are presented 
in Example 4. Transfection efficiencies of particles comatnii^ varying amounu of ratios of 
positivdy/ii^gativeiy charged residues are presented in Exanap^ HigUy efficient transfection 
may be obtttned using particles of the invention which do not contain a targeting ligand and are 
therefore umargeted with respect to a spedftc cell type. Such particles are highly effidem with 
respect to transfection where the ratio of postive/n^gative charges is grater than 1 J2S . 
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2) 0vennSize 

ftii|«fcn«l,«onS,,totteinv^ 

Tl».uIiIcefyduetoth.«e 

oftte«-o««.po«i„.,lv«cel>,ype P«ticle«ei,me«u«d by lu.r light ottering or 
«on«c fixce microcopy, or ^ micro^, T^^^ the of « p«icte of th. 
-««.a«^v»ydepeodi„g„po„tte 

3) Ritio of nucldc Kid condensing peptidei/nucleic acid oiolcGiiles. 

A .ynthetic vin., Bice p«ide Kcordi^g to the invention win heve . r«io of the number 
of peptule/the number of nudeic add molecule, « . p«tide th« I. ^hin the r«ge of 10/1 to 
1.000.000,1. This mtb will depe«l upon the rd«ive «ze. of the peptide «d nuddc «id 
molecules, the deg«e of conde«i„g activity of the peptide, wd the degree of condens^ion that 
the«udeK:«id«t4ins. More particularly, the r^tge win be lOWl -10.000/1. For e»mp|e. for 
NBC2 » combinaUon with «, 3kb veaor. a useful ratio for untargcted ddiveiy of the vector to 
cdlsisapproximatdy 5000:1 (rdative number of molecules). For NBC2 conjugated to insulin 
.n combi„«io„ with «, 8kb veaor. a useful ratio for targeted ddivety of the vector to cell, i. 
approxa^itdy 1000:1. Where the midric acid is oligonudeoUde of. e.g.. 10-50 .a^deotides 
« length, the r«io of peptide/oKgonudeoUde is in the range of 0. 1-10.0 and is preferably 0.5-1 .0. 

Formulation of Synthetic Virus Like Particles of the Inveatioa. 
1) Fartide Pr^aration. 

A synthetic Vina like paitide of the in vent ion is formulated ^ 

the peptide preparation are prepared in equd volume, of the same buffer. The mideic ad^ 
«8iwrt while the comlensing peptide preparation is added at 

lheeon|tei,ldlatioomt«mpetitumfbratleast30mh«ite,^^ 

«Kl e« be «owd at 4"C. The panide is cemrifuged to rejiwve aiiy aggi^^ 
asuyed fbr gene tnufbr. 

For»aaaphaimaeeuticd reagent, it is prdiBitd that the mi^ 
ifter it iilefl at room temperature for 30 mimitea.i,f5he«dtbioughasteri^ 
hydropMenylco m embrane filter. RtewionofsyntheticviiwJikepiftidei described hetdnd^ 
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not lignfficmUy mluee yidd, lal In fto often reiultt in 100% 

For effidem «cle« «id wisfer to . t«gct cea. it is 
contiinhiglifyeondeniediwdeicecid. The condensing iwperUei of nudeie«cacoiideiii^ 
peptkte«uiefiilintlieinvHttioni«dticloMdindet«lh«^ fa onler to «ne» whether nueWe 
tdd eondenudon hu occulted to a degree uffident to allow for efSdent gene tiurfer. a gd 
retardation away may be peiforaed «*idi assesses the ability of the pei^ 
paiticle to condense nuddc acid. "H* gd retardation assay is petfbnned as foDows. 

0) Conjugates or pepUdes are assayed for their ability to condense DNA using the 
following method: 

A conoemialion of nuddc acid is sdected. for example 20, 30. or 40 ^ml and possibly 
50. 60. 70. or 1 00 ^g/ml, and prepared in a low sdt buflTer. e g.. ISO nM NaQ 

fa one embodiment, the required amount of DNA u made up to 20 Mgtol in ISO «M 
NaCl; 25 mM HEPES. pH 7.4. or in 0.6 M NaQ 25 mM HEPES. pH 7.4 and diquoted between 
wdls on a multiwdl plate. The amount of conjugate or peptide required to give positive 
dttrgerphosphate ratios of between 0. 1 and 5.0 is catailated. This is made up to an equd v^ 
to the DNA diquou (0.05^.5 ml) in dther 1 SO mM sodium ddotide; 25 mM HEPES. pH 7.4 or 
0.6 M sodium diloride; 25 mM HEPES, pH 7.4. The plate eomaining the DNA u placed on a 
plate shaker and shaken while the conjugate or peptide U added at a nte of 0.1 volume per 
minute. After addition of the condensing peptide u complete, the sohnson is incubated at room 
temperature for at least 30 minutes. A sample for eadi positive diaisetphosphate ratio u 
subjected to dectrophoresis on an agarose gd The gd is stained with ethidium bromide and 
visualized under UV light. Condensed DNA remains in the weU of the gd and does not migrate 
in the dectik field. 

The abifity of firee NBC2 peptide and monodonal anUbody-NBC peptide coiyugates to 
condense mKidc acid is described in Example 4. 

QS) tiansfisGdon Effidency of Symhetic Vmu Like Patttdes ttf the favemion. 

Syiitheik vim Bke partides are assayed for tfadr ability to transfer genes into peti^^ 
bkwd ceOa. For ttudies aimed at determiiung transfection effidency. the plasmid DNA contains 
a maikcr gene fiir fiidiy hnferase. For pharmaceutica] a|q)ltcatk»s. die plasmid contams a gene 
w^oK expresskm wffl hwe a benefidd ther^jeuticefiFeet TTie paitfc^ 
cdU and Ae nodure may be subject to dectropotation if desired. After a fiother incubadon. the 
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cdbamhfMd wl ■reimytri fcrgmeexpiwiion. In the case Of the hi^^ 
•nd AT? w added to lyied cdb awl the Ughi emhted u metaii^ 

Cen« are harvwted oa the day of amy by centrifiigMbn at 1200 ipm 
temperaurt T1» cdl pellet tt lewjpended m phoephate bui&ed ^ 
operation tt perfbnned twice. The een pdlet U then luipewled m ItfMI 1640 ( 

make up a «ispen«on of 2.7 X 10» edU per nd. The ceUi are then aUquoied into tuba 

ml of RPM medhim added, followed by 0.04-0.08 ml of 1 mM fUsogenic peptide or more 

preferably 1 00 mM chloroquine and fmally 0.25 ml of DNA^omplex sohition. The trensfecdon 

is then aUowed to proceed by incubating the cdb at 37«C for 4 k After thb time, the cells are 
harvested by cemrifiigation at 200O rpm. The cdls are then suspended in 1 ml of RPMl and 
reK»ntriiuged. Fhally. the ceUs are suspended in 0.5 ml RPMl containing 10% foetal bovine 
senim. At this stage, if necessary, the ceUs are dectroporated at 300 V and 250 mF using 
conventional electroporetion. 

Each 0.5 ml of transfeeted cell suspension is tnnsferred to a wdl of a 12 weU plastic 
culture plate containing 1 .5 ml of RPMl 1 0% FBS. The original tnnsfbction tube u rinsed with 
a fiirther 1 ml of medium and the wash transferred to the cuhure dish making a final vohmie of 

3 ml The cuhure plate is then incubated at 37»C for 24-72 h in an atmosphere of 5% CO,. The 

coments of each wen in the cuhure dish are transferred to eentrifiige tubes and the cclU coUected 
by eentrifugation at 13.000 rpm The peUet is resuspended in 0.12 ml of Lysis Buffer (100 mM 
iodium phosphate. pH 7.8. 8 mM MgCl> 1 mM EDTA; 1% Triton X-lOO and 15% glycerol) and 
•gitated with a pipette. The lysate is centriiuged at 1 3.000 rpm for 1 minute and the supernatam 
coUected. 80 mI of the supernatant are transferred to a luminometer tube. The hidferase activity 
is then assayed usiiig a BetthohtLumaiL950l luminometer. The assay buffer used is Lysis buffer 
containing 10 inM Ludferin and 100 mM ATP . Light produced by the hidfcrese is h^ 

4 see and is described u relative light units (RLU) The data are converted to RLU/ml of lysate, 
RLUteeB or RUMng protein (protdn concemnttoii of the lysate having been determined in this 
caae by the BioRAD Lowiy anay. 

Traaifection cAidendes of various synthetic virus fike paitides of the invention into 
diffbent cdl fines are descta>ed in Examples 5, 6, 7, 9, 10, 13, and 15. 

2) Stoi di w m euy ofPartide Formation: Fwiadatioa of Partictes CoBtdmng a Preselected 
Ratio (^FunctioDal Groups. 
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Where . .yrthedc vim. Glee p«ide conuins nuddc add in conbintion with two 
ddf«e« coadend,, peptide prep««ion^ for ex««p^ 
»»nW lig«uJ coajug«ed thereto «Kl . Mcond peptide p«p«^ 
diiniption peptide coqjugtted thereto, the pvtiele is fennul«ed by incubtting the three 
eonvonenutO8ether.«.,dect«lr«io.for30n»nute.to24hour.««^ The 
n«K>of.heeo«ponen..i.«tecteddepcndi«8upon.te 

the r«,o of t«geting Iig«d/e«lo«n»l di«ption peptide) de«ml in the p«ide. Thus, where 
it h« been deternrined th« . given ratio of fi««ion.l 

oragivencdl type, the «io of groq» presem in the virus lilce p«tide a»y be presdected b«^ 
on stoidiiometric addition to the fornu.Ution of peptides contddng the funetional groups. 

For eumple. where a sdeeted functional group is a lipid, the amount of Upid present in 
the partide can be varied via stoidriometric addition ofa lipidn^njugated peptide to the partide 
formulation. 

It win be appredated according to the invemion that the stoidtiometry of panide 
formulation may be varied by combining peptide prepar«ions wherdn one or more fimcUonaJ 
groups are present on a single peptide or where a single functional group » present on a single 
peptide. Thus, in the former case, a peptide preparation may be added to a partide forming 
mixn« wHdi ddivers a ratio of 1/1 of the two functional groups presem on the dngle peptide 
or which delivers a rauo of l/l/i or 1/2/1 (etc.) of three functional groups presem on a single 
peptide. In addition, a second preparation may be added to the partide forming mixture whidi 
ddivers a second titio of. e.g.. third/fourth/fiflh functional groups to the mixture. The sidUed 
artisan will have presdected the rdative ratios of these functional groups. 

Aheniatively. in the latter case, where each peptide comains a single function 
•mourn of eadi peptide added to the panicle fotmmg mbnure wiU determine the stoidiioffletry 
of addhton of the functional group that is conjugated to the peptide. 

Aiteraatively, the DNA may be condensed with a sdeeted stoiduonetfy of condensing 

peptide, incubated fcr about 30 min. and then a second peptide coiJtdning 1 fbncti^ 
incubated with the condensed complex. 

3) ioimulation of Synthetic Vims Like Paitides of the Invention with a Neutral 
HydropUlic Polymer. 

Synthetic Vnus-Kke Partides of the invention may be treated with a neutral hydrophilic 
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polyiner m oite to fenn ■ more MWe, BMner pirtide, and to 

Suchpoiymaicmoleaiieiwffl ftO within the mdeeuUr weight range 1000 - 100.000; pidsnbly 
within the moIecuUr waght range 1000 . 50.000; and moa prefer^ 
10.000. SuchinotoQileiiren»«uiefiilaccartingtotheiiiv^ 

fbnnutatioo witUn the range 0.5% .10.0%; pitfenbiy withhi the range 0.5% - 5.5%; and mott 
preferably within the range of 1% ^ 2%. 

A neutral hydrophilic polymer it used in this aspect of the inventioa according to the 
foDowing procedure for fonmilating a synthetic virus like particle. 

A synthetic vino Dke paitide b prepared l9 combining a sdected condensi^ 
a selected amount of neutral hydrophilic polymer. If desired, a physiological O-e.. isotonic) level 
(e.g.. 0.15M) of aah is included at this step of the formulation. Nucleic acid is then added to the 
nuxture. and the combination allowed to incubate at room tenqMnture for at least I hour. The 
virus like particles will have assembled during this thne. However, ifdesired. the mixture nay be 
incubated for as long as 24^8 hours, or stored at a cool temperature (4C) ovenighL 

The amount of neutral hydropWlic polymer and sah added to the mboure during panicle 
fcimulatioB may be detemiined as described in Example 12. and also using guidance provided in 
examples 5. 7. 13 and IS. and generally as followi 

The partides may be prepared by combining 2 pg condenang peptide per pg DNA, at a 
DNA concentration of 100 pg/ml. Different concemrations of neutral hydrophilk polymer arc 
chosen for testing, each at a selected salt concentration. For example, the concemrations of 
naitnl hydrophilic polymer to be tested may be on the order of 0.5%. 1.0%. 1.5%, 2.0%, 4.0% 
and 5.0%. and the selected sah concemrations may be 0.2M. 0.4M, 0.6M. 0.8M and 1 .(M Rrsi, 

the peptide is oomUned with the newral hydrophi&c polymer and salt in 100 pi of 25 mM HEPES 
huffier pH 7.4. 10 pg nucleic aied is added in a small vohmie (several pi). The particles are 
aDowed to form it room temperature for I hour before bang stored at 4*C overnight and used 
for trioassqr tiie following day. A preferred neutral hydroplulicpobmier according to the 
iBv«atioaiiFEa;attprefoindconcemrationofl-2%. ApreftnedsakiisoAmiddorideata 
prefbred con f w iii i i i o n of approximately 0.4M 

Ite MBOiM of ludcie add and sah to be used in particle fonni^^ 
as foOows. Several diSercm concentrations of nuddc add are adected, for eximple, DNA 
concentntiQas (100 pgML 250 pg^ 500 pg/ml. 750 pgAnl and 1000 pg/tailX eadi at different 
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«»lt eooeemrttion. (fcr exmple, 0.4M. 0.6M »d 0.8M N.a). Briefly. 20 w of P««id« i, 
n««I whh . neut™] IvdrophOic polyn^r. for 

concam«ia„5„25mMHEPESpH7.4. The concemnttH» of peptide U «ich „ to .How for . 
fin-lpcptidecom^ ,000. 1500. or 2000 Mg/W after «Iditk,n of DNA««I 

Pept-Je. 10HgDNAi.then«,dedtoe.chnux,«re«K,„«edwe«. If de^ed. «,d«io„., 
peptid^lbrex«nple.inBpid«edfonn.i,.ddcd.othe„»ca«. The »xtu« « then Uft « 
room.envemneferll»urbefe«being«ored«4-Coven«8ht. Tte panicle. «e .hen «ayed 
for truttfbctKMi efficiency the following day. 

A. a adt concentraUon of 0.4M, the preferred ««leic add conce««tion for panicle 
•ssenAlyi. 100 ^g/ml or le«. A, higher concentrations of m«deic add. 0.6MNaaU optical 
The transition efficiency of particles of the invention decreases above 500 ^g/ml DNA durin. 
panicle fonmilation. 

The neutnd hydnjpWBc polymer (e.g. Polyethylene glycol (PEO. mw range 2000-1 5.000)) 
may be present at a concentration range of MO*/, (w/v) either (1) during formation of the 
synthetic vin» like p^tide or (2) after fonn«ion of the partide and during dUution of the particle 

nnotr-rfection medium. The effidency of tr«»fe«ion was fouml to be dg^ficamly increased 
by the presence of the neutral hydrophilic polymer. 

In Ex»nples 5. 7. 12. 13 and 15. experimenul resuhs are presemed showing transfection 
effiaendes of mammalian cdls using a synthetic virus like partide formulation prepai«k,n 
contairang a neutral hydrophiUc polymer. 

4) FonnuIationofSymhetic Virus UkePanidesofthe Invention in the Presence of Ag«^ 
which Facilitate Endosomal Disruption 

It has been found that increased transfection effidency is obtained where the synthetic 
virus Eke partide is fontuilated in the presence of endosomal disruption agents, for example, free 
fiuogeaic p^tide or chloroquine. 

The efBci€«y of transfection using a synthetic virus like partide of the invembn is 
<«nntiatierib' higher when tiansftction 

fiactioo. Oneaudtpotent^btheani-malarialdnigdrfofoquine. The action of ddoroquine 
CM be iiiipfified by pre-mcubation of the synthetic vn^ 

cMonxpaie prior to treatment of the cdls (presumably by adsonitioo of thi« lipnpMi^ ^u^n^ 
to the hydrophobic surftee of the synthetic vims like particle). 
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iBcwed trinrfeoicm efficieiuqr tt obsen^ 
in the pwenceofliiiidrted peptide tre preHM 
celb. Tiim&ctkwefficieBcyiMybelliithermcw^ 

etevttiooofthelevdoflipophfficiubititttenttintte Ttenuigeof 

preincub«ioa concemiwkMu uieiul according 

70inM. At the higher doiage. the naxinwmanioum of ehlonx^ 

synthetic vinislflcepanide in vh«) should iw exceed 3.5 mg/kgW^ Forexvivo 

applicttioiii. the final eoncentmion of cUoroquine tfter dikition from the fonnulatiott is in the 

range of SO>200;iM. 

It hM dio been fiound that tnmsftction efficiency b 
to which the target oeUs are exposed to the synthetic virus Gke particle in the presence of 
chkwoquine. TWs time period n»y be from 2 hours to as much as 24^8 hours, with the longer 
incubation times resuhing in increased transfecUon efiiciency m the presence of chloroquine. 

In Example 17. experiments are presented which demonstrated increased transfection 
efficiency using a syttheiie virus like particle prepared acconfiitg to a novel procedure which 
inchides preincubation of the qnthetic virus like particle with ddoroquine. 

5) Kgh Sah Foimulation of Synthetic Vjrus Like Particles of the Invention. 

It has been discovered that increased transfection efficiency is obtafaied usng a synthetic 
virus like particle wMch is prepared according to a novel procedure which indudes the use of a 
high salt formulation. "High" salt is defined herein as being withm the range of O.S-l.OM sah; 
"low- salt U defined as being in the range of 0.1^.2M sah. This procedure is u follows. 

Nucleic add b made up to 90-120 pg/ml in 25 mM HEPES buffer containing 0.6.1.0M 
sodhim chloride. Niidcic add condensing peptide is made up to an equivatattinoUffityi^ 
chloride and the ooodcmmg peptide solution added to the nudeic add solution whh rapid 
a9tationataftteoro.lvol/Mn. The mixmre is then left fiar at least 30 minutes at 20»C and then 
mabmti 6r M6b it 4» C prior to dihition to a cbneentratioo of 5 (ig/ml nueide ackl in RPMl 
medhim (optioailly ooaiaining albumin Img/ml. transferrin 50 pg/ml) and contafaimg the 
•ndoioine empe 18001. fiisogenic peptide (20-100 pM) or cUoroquine (100-200 pM ). 

For.p«icte fimntation wlwh providei p^^ 
» deKribed in Eximpk 13X and hive efficiency (tftranifbetion, tt demonsir^ 
15. it is paiticuiariy advam^eotts to prepare the paitides by Goiidensing the nudeic add in Ugh 
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sah (Ivpertonic) i,de«cribed ibove. and then dihitug this mixture in a low nU Osotonie) 
UNicentratioii (e g, 0. 15M) and addiqg aneutntf hydrophiBcpoJymer aichaiPEG. 

6) MghSakForawlatioBrfSyntlwicViimLilM 
Lqiidated Peptides. 

Tiwsfcctioa of niMnindian cdls using . symhetic 
nucleic add condensing peptide U pitsem. which panicle was prepared aecoiding to a novel 
procedure which hwhides the use of a high salt formulation, as follows. 

Upidated peptides usefU according to the invention cannot be incorp^ 
high sah foinailidon sohjtions described above when the DN A con^ 
300 Mg/ml. For example, when this wu attempted using lipidated NBC2 (Lip2) at a DNA 
concentration of 400 ng/ml. the synthetic virus like particles produced exhibit minhnal biological 
activity. Therefore, where t lipidated peptide U used in the symhetic virus Uke particle, the 
panicles must be foimtlated such that they retam biological activity. High salt fomuilation of 
such panicles is performed as follows. 

Lipidated peptides eie incoiponted into the RPKfl dilution medium at a coneemration of 
0-2 as/W DNA. (absohite concentration O-IO (igAnl) and the sohition incubated for at least 30 
minutesatSrCpriortotransfecrion Ahen«ivdy. the ^thctic vims like panicle U fonnulsted 
in high sah. as described above, and the synthetic virus like panicle incubated ovenught at 4«C 
before the lipidated peptide is added to the synthetic virus like panicle from stock solution of 
Img/ml lipidated peptide in 2S mM Hepes buffer comaming 0.15 M sodium chloride. 
Trsnsfccoon effidendes of panides containing lipidated peptides. wMdi panides are fonnulated 
in high salt, are desctfted in Example 7. 

EXEMPLmCATION 
Nudek add eoodensiqg peptides of the itivention are synthesized so as to achieve a high 
dveedfhoAiogeueiiy in the peptide preparation, both in terms of the pdydispenioa index and 
thead&iaaofSiactioadpoups. For example, where a pq)tideprepa«ionconsistt of a sdected 
mrino add sequence, c« i$ taken during synthesis to ensure hoiiwgenehy of the hetero 
sequence by enwifag complete couplii« to the growing peptide dtain. Homogeodty of the 
peptide prqar^km abo b enaired by piotecting potentially reactwe a^^ 
growing peptide. 
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Example ] 



NBCI 

NBC2 

NBC4 

NBC« 

NBC* 

NBC7 

NBC« 

NBC» 

NBCIO 

NBCII 
NBCI2 
NBCI3 



*W«I^WUWKVTO!PKKMTOAJu: (Aon) -COOB 



PAAC(Ae»)-C0Q8 

I1H,.]CXMCSPAKA1CAXX\ 



)-cooe 



'!H.-l!UTO»OT>Jua3TOJlJO»iTt: (JU:.) -COM, 

- — — — 

:<^)-oooB 



UKXfiFKXMGRPAXC (An) -COOH 
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1-2 Defined rftn|.,fn^^ 

1.2.1 Lipid r)efiv„iy,M, 

N.Palm«ylderiv.,.vcsofO«con«po„d,ngNBCpepUdes«tcaJI«lL,n. I , 
e.g. The sinicture of Lip2 ..v ^P'* ^"P^ e^. 

CH, . ( CH, , , . -CO.H-KPKAXKPKKPKKKKKV.KKSPKKXKK 

PAAC (Aea) -COOB 

0.0,,. „c. T*. o,Q,o„: ,Cho,».™c,2. <sup«,crtp,sdc„o» .h. ^ 

of denvatizaiion) is: 




X. 



I 
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Inmlin f i^jnyji^^^ 



following stnicture : ^ 



«nd peptide) his the 



Insulin 



HN 



N-K^^«<^«<■KKKKK^<K^«<^«<c-C00H 



s 
I 



InsII-.NBCM' has the following strucure: 
Insulin o 

^{-'«••<^<^«<••«•K^<K^«^<^<•KK«c-cO0M 



o 



I 
s 
I 

s 

I 



in5ulin-.Chol«>.NBCI4< h« the followm 



^ sinicture: 



Insulin 




^}-•«•KKw•«K^«KK^«.KK^««<c-cooH 
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•he Lysine dendrimcr backbone. In ttT^l ^ '"^'^ u> 

^roup Of N..e«.in., «rtne «.,d«e. « .n Tc^^Z^^^'' 
nacy,.m.,eimidopheny, b«,y«e Imkcr be.C.1 J^f^""^'^ ^ « 

*wn we itendnmer and the NBC pepude. 

The sifuciga- or Man4DBn5-NBCI 2 iv 



HO 




O 



Q „ HN-NBC12 



SD 
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extended synihcs. cyCc n»dc usmg Fa^<:y^y^VT'''^' 

coupUng was thieved using . so,«„on of 20% ^^.^L^!rr^ 

-high now «e followed by ,0„.„«3n^ir?^ir^'^^^^ 
four fold excess using 0.(IH.be«zo.n«o.|-y,,..ei«^^ " 
fTBTUV..hydroxybe„z«™«,te N Jy^-^^^^^^"" «««fl„o«bonte 
NBCl the coupling times s.«ed T^ZT " F« 

ac.ddu.„gj,yL:::7S,"^^™™^ 
:r-dr:.rerjr^^^^^ 

:::rf^:::rr^^^^ 

described .bove to give the free Z t *"* « 

Each res.n was tlwL^^™;'" 

I wn washed .mo a glass v«| w„h meihwol and dried ii, wee «o. 

Peptides were cleaved from the lesm usine a TFA/wattrMh«,«.i.K 
ethanedithiol (82^- 5- 5. 5- , 5, „ " ^•^'^*««"P»>«oWaoamsole/U- 

clcaved). T^^ wasl"!? .7 """"" '"^^^ ^ «<> be 

; by nitranon and washed 3 limes with -TT A 



t« lumn ( 1 .6x30cni) with 1% aceuc leid in water The resulting 

When „ece.s«y. the acc.«udam«hyj ( Acm) thiol p^tecing ™„be 
usmg mercury (D) acetate in 30% acet.c acid in water followLT^ 
mercury with 2-mercap,oetha„ol. The resulting r^*^ "^""^ °' 

gel fHtration to give U«<te3.red product '^^ 
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i^tT I rnl n nr ■ i „ 

The polydispcBion index « u«d ,o cha«nenre the molecular wci.h. d«.r K. 
polymeric compounds. ""'wujir weight dmribuiion of 



PDI = 



Whe« M^. is ^ weigh, avenge molecuia, we.gh, «d Af, is *e number .ve™,e 

molecular weight. 

roiriTi^!"^" Nomss.* h« . 

"MfaexptniiiMttBporadmil.liimioi., ""VPiie 

cterespiaynMssfpcaromettymaybeused. "^ccwes 

nttss 4082.2). AO .queous soluuon of I mg/ ml peptide wtt 
dU«.edi«.mixn«of.e»n.ui,e™e*oxye««m,.^,»rtC^ 
«pcnmeww«perfbnnedon.VGIwa«me«,Qu«m,nta««m«t fined with. 
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qutdropolc analyser. The instnimcnt wis ca]ib«t«j wi.K ^ 

re...,vep„ponic«of«hco.p<,„e„.c.„^„,^^^. 

and Polydispersion Index lo be calculaied. " 



2. 



2. n. A/. 



ln.egr,.io„ of U« peaks in .he NBC9 spec^m „ve a« following relaUve .ea. 

■^•^ A«(n,) 

120 

^ 4250 

420 
900 

3838 ,50 
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ftwn this data using the formutae above 
*f H, «s 4070 

M„ = 4067 
PDl = I.OOOg 
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iflO 



The nucleic acid is made up io2tM00iio/mi . 

10 cells and can be MOM « 47:. ' *"*''»™««»Pno'»«ldi»| 

0N.c:::::;:r.:rCw^^^ 
«.r.c,.„,.,c..,,eprsor.'^^:::rz'^ 

efficiency. ' "nd TOsfeciion 

i^iNA was placed 00 a piBcslu&cr and shaken white thftn«-i^ 
theDNA«.»M«f< . ^^'^«"«l«P»«fcK>tutionwa,addedto 

complc^. U« «h.Uo„ was incubated « ™on, .c™pe««« for « fe« 

«mpleforeachp<,,itivtcl»n?e: phosphate «,ioiseZZl^ ^ 

TAEagan^cgel. Tl-gc, wass.Ji;rwi0.rd.^tZS^ 

light- Condensed DNA nu^^ i„ ^„ ol^^^^H 

electric field. 8el and does not mignie in the 
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.n«.m or DNA). r^li^^Z^ V^^TTT °" 



4.2 



'=5-73,,. Alto i™.b.Uo. U. CUS „ 1,^^ ZLT W 
Cell lines such as Jurkai anH if 

CelU«lan«i«loi,(ted.v<,f«uvh,. """°™~'"''^'<«<>w»jowhod. 
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' '""M vxli™ p,„ » ^ 012™. <^l,.i. B„«„ 

*»mun.d in .te c«. by 1» B»RAD ^ °' *« l3«« b«, 
.:.2 As»y (o, T™,^. E.p„,,„„ ^^^^^ 

coma^ninB 2^itff DMA »nA i oa.. . . ~nojaycr m a imJ final volume 

cdU ..rted PBS ^ 
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«tetenn««dinth««sebyO«BioRADL«w,y«.y. 

i> has been found ti». highly eflk«w u«sfeetion cm be obuined if .h. 
dehvery complex is «se,«bled such U« U« ntio of eouiv^of^T 
residues (on ^ DNA condensing po.y„«,, . ne^X ^T^Ib^ 
.roMpsof the pi^mid DNA, .„ the fonnuU.io„ is ^ZJ^J Z^'^T^ 
non-receptor med«ed .«„fecon by synthetic vi,« Uke partcL^^etlTI 
mcreasing amounts of NBC. ^ NBC2 wi.h pi^j dNA ^ ^7"** 
Show that high levels of t«„sfect.on c^ be obt^r^,^^ J^^. ^•>^^> 
nudcc acid condensing pepude .n the fonnuUtr^^^'Tw^r 
follows. Stock solutions of NBCl and NBC2 ZcZ^^ "^"^ " 
, •™"^*'"*«™*«P« concentrations of 2.5 

5 »d 7.5 „^,ao M. or 25 H^. 0 .5 „ ^ ^ „ ^ 

0.7M s.*»,.M.„^. ^ ^ .»m oro., „.„d™„.««* 

30min before mixing wiih I x 10' Jurkai celk in RPX/n ~- • 

"» '"^Ml comaining 120 uM 
chloroqume. After 4h the cells were cen.nfugcd. the medium ,em«v«. a ^ 
«s«spendedin2^„.ofRPM,med.umcontaLgl^^^ 
cens were collected, w.shedm25mMHepe.0.85Msodi.J^^ 
»dU« level ofludfaueexpre,s.o„detenn.nedasdesaibr.^ ' 
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concentraiion of lOOng/mi was condensed usine nentiH. « 

DNA as described in P . « * ""'O Z^g/^g p,.smid 

i^ix A as descnbed in Example 4 whh the foilowin£ devi«i««. 
.. ,. . ^*^^°''*Pnor ID addition to i»» 



P'.v,o»„™p|e«ep„h.,,„,h„c.„a.ONA«„c,^ . ■*»«1loae 

""A »K ocondenied with 0.6|igLipl3 

.» all co,rbi„u«« .p«, ,™„ , pol,.L.|«i». ^ . 
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6.1 MomvMnn,! ^^^^^ ^^^^^^^^ ^ 

6...... Co„.ug«.o„ofMo„octe«a, Anybody .oNBC. vi. ,he C«bohy<.«e G„«p 

Cell urgcting componenis such as fnonocloiui au-bodies m.v h. 

nucleic acid condensing pep.idc«on,«g.oU«i„;^ ""^"^ * 

The Caxbohydrate groups present on the moooclonal MmO^ 

usmg pcnodic acid to produce «.cuvc aJdehyde ^ 

Chemi. 254. 4359 ( 1979) > -n^ „. - ^ ^^"^ ^ ^ Biol, 

•w- ■•JJT uy /y) } . The oxidized antibody is then -i. 

present on the NBC** nemi<i^ -n. . Pwips 
give ihc stable amine sooium borohydndc to 

>o3/)Miodiiindiloiideovet»colunmvotod>.i »n«»«oro.«M 

mdiratlB. 7, tT^ NBCl tomk „ fte eohn Md b elaed art, i, 
P»<l««(FlS.7).-n,c<»,„p„p.j,.l^„^^^ "V 
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6.I.I.2Conjiig«uonofMonocloi,aJAntibodyioNBa via-H«. 

Linkage "wyiowBcz vu a Hydnzone and Disulfide 

5-« I.ynd,,dl«,i.,p„pio„,,l,,^,pOPH)dl«.«™,i,»^OI*BO Ate ■ h 
« room cempeninie ihe miiboa,.pDpH _ ..^ . , ^ 

u.s.n, 25 mM HEPES. 0.5 MNaC, pH ^ T ' 

were DOoled and ctnf/4 >«o^ 

NBC-2-SH (5 mg/m]) was leduttd with /(itk:»k_. . 
7 9. ai rannin, taffc,. a i«ul of J50 omol NBO ,.. ^ N'Cl. pH 

-.b«.,.NBC2 co.;up,e ^r,«, ^ °,'„' ,"J^ " 

N«r, 0, 0..5. 3 M„« „p„„o„ ^ ^ ^^^-^ 

el«.« . 0 ,5. 3 M ,^ 0, N.a. The ci,j^ 

Wo«imi.ely IM N.CI. Hk |>ii«,o p.* ^ ™uj ^ ^ ^ ' 

»■'-'■} Co«Ja,.Uo„ of Mo««lo»l A.„bod.s ,0 NBa .» . H,4ko« ^ 
Tntoecher Linkage * 

To 20 mg anii^:D33 antibody ,„ :.5 „j of 25mM sodium .«ate oH 5 o 
sod.um ^od«e was added .o a fi„^ concern^ of ,0 ^ 

..mpemure » the dark. *e «„ibody wa.. de«Ued by gel filmaion ^JL j^ 
acetate. 0^ M Nsn .u <n "'™«» usmg 25 mM sodium 

cute. 0.5 M Naa. pH 5.0. as nmn.ng buffer. To ti« pooled p«ein faction. we« 

a«l«led 5 mg t22 umol) 3-(2.pyridyldith,on,ropH«yl hyd»«de (PDPH) di«olvtd in 50 
HI DMSO. After 1 h « .oom tempe«.u«t ^ «duced ««ibody-PDI*H «^ purified by 

«>ufrer. The protein fracuons were pooled and stored at 4»C 

J^*'«'*^^«tibody was reduced with cysteine and purify 
usmg 25 mM HEPES. 0.5 M NaQ. pH 7.9, as runmng b«rThe^o^^ 
pooled «H, the concent^ion of thiol groups de.ero.ined using «, EUn^T^t. Tl 
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K-CUxadicn. of 0. ,5 - 3 m. Tr^^.ein';^!^^ " ^ ' 
«»dUiec«,jMg«e,to«i„^^ '^^'**'^««'«»«Poolsierifcf,h«ed 



^'^c phase hpJc give ihc dcsiftd 

product. Pfcpwuvc 
The pqnide mav ihcn be ircaied 

presence of EDC-I «o yield the N- r hr„„„ . ^ « «»* 

of the peptide. '-Nromoace.y|> i««..ghn«y|.hy*«de dcriv«ive 
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Seph««e u«og . N.a g«fa,. Of 0.15. 3 M. The P^dn^cTT^ L 



6. 1 .2 Targced Gene T«„sfer U«ng Mcnocloiul AnUbody Lig^rf Direoed Gene 
coRipJexes 

&ainple5 of transfection efliciency « shown i„ Figs. 9- 14. These figures «e 
h.«ograms showing ^ „,«,ve .ctivi., of lucife^e in ly^ ^^J^ 
jr»«fec«d wi* pus^, ONA conu.n.„g .he .„cife«e ge« »der U« d^oft 
^irrir " "° "-^'^ «.y Of ^ ceU hne. or 

RS 9 shows u». gene «„,fen .o myeloid cells an be urgettd using „ 
an,.-a)33 complex .„ which *e DNA ,s condensed wi4 «o^33.NBCl conjLe 
.n a dose dependent nunner. The «,n.:D33-NBCl conjug«e w« svnthesizLT^ 
dcscnbed .n Ex«„p.e 6.,.u. Th.s expenn«„. shows 0. effea' of Tpto 
concentrauon on gene t,««fcr. A. 2.3ng/ml DNA compiexed wiU, uncon,ug«ed NBQ 
no gene tr^sfer w« observed. As the «no„« of complex «lded «, a« cells is 
.ncreased 0^ level of lucifer«e ««„sfea.on) .ncre«es .o . m«imum of 1-2 pg/DNA 
complex/l X 10* cells. Fig. ,0 shows tha. the overall lo«ii„g ™o of the pUsmid with 
conjugate „ rmponm for ac.vtty w„h lower acuvhy associated with complex prepared 
w..h «. excess of coBj«g«e. Ant..CD3.VNBCI complex was p,ep«ed suchZ^ 
ra„o of conjugme to DNA nrm«ned constan, but the «nount of unconjug«ed NBCT 
wa.* vaned to give tool cauonK:phosphaie ratios of to 2.0. 

CeD targeting is specific, as shown by the ohseivafion thai ceils treated with free 
and competing tmoonjugued «,ti-CD33 «,tibody have leduced levels of tmufecUon 
when expottd to eonpiexes fonned usmg ami<a>33.NBCI (pnpmd as described in 
Example 6.1.1.1) fa the standard assay system (Fig. 11). wd by the Ikt to no gene 
o«sfer is observed when cells are exposed to DNA condensed with uneonjugaied 
NBC2 (Fig 4(a)). In the competition experiment (Fig. 1 1 ). the standttd assay described 

above was used except th« the eelk were ineubaed for Ih « 37^ with antha)33 
anubody at the given concentntions just prior to addition of the symbetic vinis like 
panicle. Tbc synthetic virus like particle was *en added as nonnal and incubation 

contin«edforaft«her3hai37^.Thep,esenceoffeantibody«ducesthelevd f 

transfecUon presimiably by preferentially interacting with the CD33 receptor 
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t increase tnnsfeeijaii effieieim/ r^^i •pumized 

with v«r«!^ T^'^^'^'''^" 

with vanous pioponions of imi<3)7-NBCl cooiunte """I** 

Show, *.t When 25* of .he condcns«.o„ is provided by i„.^o„ ^ 
uaaslccuonefliciencyisobiained. 



insulin Tary«iM.i>«^.,an^frr 
6.;.i.I Funcuonalizauon of Insulin 



insuhn was Chemically mod.f.d .ccordm, .o p.v.ou,.y described n«hods (pp 4.^ 
Of Offord. R.E.{I9K)) •Sem.syn.he..c Prolans" 235pp.. Wiley. Ouches^r „d 

ofTMrTr""""^ '^^^^-^-^-^n-dtiivcd „ 

wu '"^ *n«hy,fon«mide «^ «c.ed 

^^^r^^"''"'-^'^^^^^^^ Afierlh^Lon. 

JTT^ the m«n« wa., ac.d.r.ed and subjected «> semi.prep««ive HPLC 
on .C8 ccAan.reqnlHh.ed in 0.3M ammonium «apha,e. pH 2.7. using a 65-90* 

2^7 ^ • ^r^^ PH 

2.7^B. 0.3M namuom sulph«e comaining 33% aceiomirile. Tbe unmonium 

s«lph«e «>httions woe obuined by diluuon of a 3M «ock K>h«io« which h«, bel 
«ijus.ed «. PH 17 (gl.« decttode, with cone, sulphuric acid No lunher «ij„«men, 
w..m«ie.o.hepHofthedil„tedsolut.ons. ■n«pe.kco™»pondi..j«,diJ«i,uted 
"^«(« judged by subseque„,elect«.p..y 

<tealted on a doubk Oroinabond equilib«ed in 0.1% TFA. TIk diskrivative 
obtained m such reactions is known to be prepondeiamly the desned Al B29 
MJbsututed molecule. Thi., supposition was checked as follows: analysis of the 
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iimiliii.wiscli«eiai~db,,u„„„_. ™ Mnpnoml. Boc-AoA. 

"V. 51«8., t „,, ^ TFA ,M „ ^ 

■empeniun) j,m befofe eo«jii,,uoii lo NBCU 
« : 1 Coojuiaiim of lii!oliii".NBCI4' Crajopu 

TlleCys.pTOectedpe|»ide«»o„aa«„,o||^, TV 

(LI), pn 6 » ai a concentnnoii of 10 inwmL and 0 :m —i. _ 
waier «aj added (ai m "«*«»>"ie » 

^^.odr^rr:r:r,rrr::~ 

^-.l-^ a« . «*.!«, ,,5™, 0, ^ AoA-i,™* d«v«« .a. ap^j'^J^ 

l»d b« add- 50 ML ««,™*. w,,^ ^ ^ ^ 

^ glacial acetic icid. 

TT«co„j»g«ew««H«ed.f«, .5h««*«ion«„Km..«^ 

by dectrospriy m« .peeuomcnr (clcuUied. m/i 8426.1. fo««d nift 8429 3 * OJ) 

4mg Of w« «,b.cd by ,em.-pcp«tivc HPLC wiU, . 3(M5 % g„diem from 

«beb«Ucofthe««io„„^„„. The pcaicftactio„..s dried down i„.S^ 

vacuuR,centrilugcThcrmlyieIdw«4mgofconjugaie 
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An insulin deriv«iye which Ueks the 823-3 1 seooM* . , 

follows: «equenee r«ies.insulin] wu prepared « 

70mg of u,.ul.n were d..so,ved .„ 7.0ml of 50mM Hepe. buffer oH 8 0 „h . 
N-hydroxysuccinimide ester ( Tesser I I97S1 p^,a 7«™«Mte 
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'ccutc buffer conuining 20% ««o«aik. pH 3.6. After 15h « ^ 

temperature the conjug«e WIS ttotaedbvB«»«i«.-.. ^.'™"'^"»««> 
column and a 30-35 i^T^ . l«P«u>« Mc ua^g . ,ca, di.„«er a 

Mw a 30-33 % gndient of aceioniuile solvent (usins Solvm a c-i « 
as descried ahntM^ -n.. . '""^ *«»»oii A and Solvent B 

as descnbed O^y The recovered material (3 A„g) was cl«actemed by electro«l 
m^ss spcc.rome.,y ,calcuUu=d mass 7465/observed mass 

6 2.3 Preparation of Insulin-Poly-L-Lysine 

This conjugate was prepared according to the protocol d^^rrih^ i- b . 
<M.. Enzymol. ,993. 2.7. 6,8-644Hor hunT^^^, ^, ^T*' .^^ 
con.«™a.on. with some sl.gh. modifications. t>o^yL-^y««e conjugate 

N-succmmidyl 3.(2-pyndyldi.h.o, propionate (SPDP, was reacted sepamely with both 

.n..ul.n and commercial poW-L-Lysine. The two derivatives were ^ 

of .he 2-pyridy. disu,ph.de g^p .« .odif.ed poly-L-lyZ '^"^'^'^^ 



20mg 2n-free .nsuhn (3.5umol, was solubiltzed in 200mL of IM NaHCO 

dHuredu.„h800^LDMFand reacted w„h2^mg(7.0.„K.,SPDPdis«.^^,00u^ 
DMF After lh incubation a. room temperature, the mix«« was acidified to pH 3 0 
and .subjected to semi-preparat.ve HPLC on . C8 column eq»lib,«edt 0 1* 4 
usmg a 30^5»B gnKl.cn. o«r ,5mm. w„h a flow Jof aIZI^ 2 
-env^ve Which was «,ated f,.mg, . the .,substi^\T:Lj^ 



20«g poly.L^ (MW 52.500. 0.38^«ol) fiom Sign- di.«,lved in 1.9.^. 
0.1M HEPES buffer pH 7.9 wa.s reacted with J-moU. exec of SPDP (l.,4,unoI 
dissolved in ettanol). After 30 min incubation the solution wa. .ddified with 200mL 
IM sodium aeeute. pH4ii ^ ^ ^odifted polymer purified on . Ptar„»ci. f« 
desalttng column equifihoted in 20mM sodium ace.«e pH 5.0. 11« degree of 
substitution, was e«imated a. 4.3Mmo, di,hiopyridi„e/Mt«„ po,y.ty«« ^^jing to 

amoumof^ f n«erial in the p,e««e f 

50mM DTT. PMSF (5mM. fma, concenu«ion, was added as a ..cl^, 
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30m.n. the «,luuon w«, «adified wW, im «dium .H ! L. 

i-'-- on the f« ^ ^ ^ 

•i«J concentnted conowow descnbed pKvioiisly 

pH 7.9. After Ih incubation the conjugate was Durifieri k« ^ r.^ 

.2co.un,„e,uaib.atedin20™Msoj:il.ce:LT,MN^^^^ 

cor^sponding to the fi.« pea. ehited fro. the ^ J^:^'""' 

-cetK acid and w«er ^ fi„^,y f^xe^TiZ ^fT** 
con.sponded,othe™.erialnan«dlns.PolyKr ^ ^ 

6.: 4 Targeted Gene Transfer usmg Insuhn-NBCM Conjugates 

T^.n.uh„ receptor urjeted synthetic v.™s liice p«ticles wete assembled using 
pRSVUc plasniid DNA and Insuhn-NBCM conjugates as described in Exl^,e 4 
Gene transfer efficiency was measured using the hepauc carcinoma ceU linelw:. 
These cens are adherent and the standard assay was modificdaslu^^^^ 
CeHs were piated 24h prior to transfection in 6.wel. ttssuc cu.„« p,.tes at a densitv of 
'-2X ,0 P^'^-J'". complete med.um,MEM.withEarle-s«,.,).,*««^^^ 
aminoacids. .0% foe,., calf sen,m, Wection was c«ricd out bv asp^L 

i^Ti JI^J^*""^"'" '''''' -PP«em««ed withhum^i^' 
(imgrtnl )«KJ human tnnafemndOOMp/ml ).The tr«»fection is then allowed to 

proce«lbyi«»b«mg,hecell,.t37.Cfor4h..fterwhKh.hett««fe^ 

was lemovtd. the celU washed with PBS «,d coinpteed iKdhim idd^ 
incubation « 37^ for 24.72h in an atmospheie of 5* COl 

Tn« cells were then h*n«,ed uung trypsin to detach the celU. Afker addition of 

medium conuining seium to inactir-aie the uvDsin celh mm miu.^ . . 

atnfvm«»-Tw- .. '"'•*'yP*"'«o«««pcUeiedbyeemiifugation 
«I3.000 tpm. The cell, were u«„ suspended in Iml of PBS »d re^fi,ged. 

The pellet was .esuspended in 200m of lysis buffer (lOOmM«Hiiimtphosph«e pH 
7.8; 8mM MgCa ImMEDTA; Triton X-I00:15*glyce,oU0^n,MPMSF«d 1 
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mM DiihkMtaeiiol) «,d .giUttd with . pipette. TT« lyute i, 

described as lelaiive light units fllLUl Th. d... J 4sec and is 

determined in .his case by the B.oRAD Uwry ass.yj. * 



Ftpure 14 ,ho«, the relative ,«„sfecUon potency of defmed instUin-NBCU 

and a defined conjugate of a non «aum-NBC14 conjugates 

NRr . Of » non-reeeptor binding insulin analogue (des insulin 

NBCI4, and i«uli„ conjugates of pol^-L-Lysine p«p,«d by lbraZ«.H 

«.ai./occ. T.«-«su.«s^...„.^,„i„giss^r^,^^ 

of an .nsulin conjugate whteh is ab^ to recognize the «ceJ^S^r,!^ 

whilst des Insul.n-NBC14 is toullv inactive) ; 

-.."f ..s <»,„ c™ ,f u.„ „ „^ if ,^ 

^.^^^0. '-■."•NBcuc..,„,r«. j:^"::^!. 

'"™*°^'""«P««"a of fiee unconjugated tn«Imc«iconipete 
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O'ophyy Acu,^, 97-105 ( 1989)) 

was .en ^ 1^:^:" ^ 

niuaiion u«n| 25 mM Hepe». 1.5 M nIo^o P«nnc«Ka, by gel 

-.hod fRoby.. ,F „d Whae. (.987). B^^IZ Te^^ 

n.nh.vd..n The n«n„osyU«dUc iT^^^Tr " 
agams. 25 mM HEPES. 0. 15 M N«CI phT^ T ^^'^ 20 h 

6.3.2 Use of a«s.c«d Cycosy. Dcnv,nvcs « L.g„ds for T^„g 
Ranonale for U« de«g„ of glycosyl«ed dcndnmenc ligamls. 

Clycosyl moieties may be clustered by .he u« of br«ched cartohvd,^.. „f . 
syntheuc origin. Altemativelv ihe«. . "»»««a caibohydr«tes of natural or 

fuieniauveh F«>ups rnay be clustered by modifvin. • 
anuno acid backbone (tiendiimen modifying a blanched 

•r^ glycosylated d«tt«ricnK»e.,e.dcscri^ ^ 

<««.g«ofabg««,,b«.whenco„^g«ed.oanNBCpepr^^^ 

n»c«|*agenu««c»ceptor(Ml.R,.Thet^ 

»yn.hes«ofU.eUg«IwiUdependon.herecep.or<rfZrT^^ ^ 
n IS these iteeiKOB ih« .1, of pnmar> inte«st for uie in gene targetii^ 

The literary st«es li« ligands which pitsent se^ 0* thwe or w«) 
"K>nas«xh«ideu„iucl.«e«d together withtl^irnoo.^ 
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«ni«iire,«e between 08 and 3 . ""*'^^<«« below) 

Thebinding«,ui«nienttoftheMMRhavcnotbeeninve«i«i^«.^ . 

.^ose for .he ASOPR. ...hough is .„ow„ .h« S^^Slr 

nm Aga,„. „ p„p«ed .ha: .he ..g«d, exe^nficdZTc^ '"^ ' ' 



6-3.2. 1 PrepOTtion of Mannosylaied Lysine Dcndrimer 

The 2nd gencmion ly„ne dendnmer IDcn2 *Lys),.GIy.Cly.Tyr.Cvslw.. 
*yn.hes.sed using . MUlipo« 9050 Plus Pcp.vn,hes.ser «.„ ^y*^** 
«-eC.hcoupling.>wi.hT3TU,N.^^^^^^^^^^^^ . 
with 20 % Piperidine in din«U,ylfonnam.de. $LZ ZT^TT^ ^^'^ 
-i«^«-wi.h.fo«r^dexces,of...v.cda.r^^ 

lysine. After fteltaalcoupllng M nn«hed ,hc Nnennin., Fmoc ^JwT^ 

TThe I*fte«~eJe«vedf«m,U« dried resin u««g«ge«Kn^^ 
phenoIahio«,i«,le,U.ethanediU»iol: 82.5:5:5:5:2]) . 
sephan«e)and mvcne ph«e hpic •"•^"^ by «»„exdange (SP- 
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~.H».««, the pepiufe WIS purified by hp|c. 
».o. Tl« pH was «I,us.cd .o 9.0 by «ldi,io„ of N.OH Ti^ 
37'C for 16 h. ^ nunnosylauon was left to p^ceed u 

The U,iol of the m««osyU.ed pep..de w« reduced by «idi„. ^ 
••- P-^r.edbyh.gh.eso^g^;^ 

By ««ngappropri.te,peciropho.omemc assays U«„^^ , . 
dccmuncd .o possess, on average beiuJ^Lt "-nnosyJared pepUde was 
molecule. * ^ ^ * groups per peptide 

^''"J^^^'onofMannosvlatedDenrfn-. i . 
«yn^s«or Con..ugaieMl?^,"rc!r?'^'^ 

^'-^•n«(10.2»tmol)NBCi:.n l.0„», sOmM inudazole oH69 u. 

.»«-<««.onof0.50nUO..M.od.un,pe„oda.ep.e«I ! 

ethylei* glycol (cofflme,,^,, ^,„„^„, «»PPed by the addition of OJO ml 

«idbefo,*p„rific«io„by„jriJ*^p:;^^^^^ 

NBCJ2w.sobui,«d '^^"'^^^'''^•y«PWl*«io«30.0mgo«dised 



A mateinide fimetioo was introduced 



•««oNBCl2by«Uitionof4j^„j^^^ 



oxidised NBC12in2.0nU 0., Msodium«««e „H46^^^ '^^^ 
Afierl5 h ^ncub^io, « room ^1^^^ ""'^ ^ 

'*aceUc.cid.pH4.7.Thepe:r:rr:^^ 
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""•^'"-•^"""•"•"-^■MAl.NBC.Ji.o, MHEres 
'<«""»«J0%«om«k.A(to2htert»u_.».,,.. "EreS.pH7A 



Mm,DEN3-NBC13' NBCUCoijugM 
TOiiiKM.a.Fii«c.St„Mfc„,^„ 

With the peptides on the lesm. the four Finoc.oroie«»H 

^CIZT*'"''""''''"'*'" -^o'---excessofpepU.e,wHh 
TBTWJ^Id.oopropyUm.nc as .c..va„„p agent. After the coupling l«d Hnished N 
terminal Rnoc groups woe removed us.ng 29r DBU in din«hvlfli«!u 
2* piperidiae. " anwhylforawnude comainiqg 



TTie glswpepdde. we« ctoved from ,he lesin by «kli„g « 

« loom ttmpemme. The vivrAnM.;^ •■"««*»™»"»TFAfor2b 

eUicrductraed iflerceninlug«ion nd puiiHedl^Jipic. 



I«order.o«movetheO.«.yl P^^ecting gioufs p^ the «bohyd«e moietv 
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Such hydmide derivaiivK T \7 " ^J™**** M««4Dei)4-. 

NBC12.isdescril-Hf«,.i. u *reetly » oxidised 

^i-.a%aescnbedforthcsymhe$isorM«n4Dcn4.NBCl2. 



(.1 biologioil Activhy of MannosyUied NBC 



enzyme assay. 

The results of this assay are shown in Figure 16. 
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7.1. 



N.p.»mirviprn^-iiihr 



7. 1 . 1 Synthesis of N-PaJmiiyl NBC Derivatives 



PalmitK add N.hydrpxy.Miccm.inidc ester (0 5e ,>eri«« 

descnbed in Exampte 2). The «acon was J^f^^^ ^'^ '^'^ « 
.he res.n was filtered of, washed . U.es wi^^To^^lTwr:^ ^ 
dried w vacuo. "wionn. washed with methanol and 

The peptide was cleaved from the res.n using a TFAAvaiertA«.«i*K- • 
c.ha„ed..h.o. (82.5: 5: 3: 5: 2.5, „^ o mi^t^^^^^r 

c.ej..d ,. The resin was then removed hv filtration and JJ^T^:^ ^d" 
.nnuoroacetic acid. TV com,.„ed filt^e and was^ w^c^T^ 

evaporation then p«c,piu,edu..np diethyl ether followeTtJ^cZl 

erode peptide. «««infijgauon to give the 

Tl» en.de peptide was d««,lved in . ,mall anK>u„, of 25mM HEPES oH 7 . ^ 
a^«d ,0 an SP-Sepharose f« fiou column of ,„ .ppropr^^^jL ^ 
of <V2M NaC. in 25mM HEPES p„ iTZ^Z^^I^I^ 
f«ct«ms conuining Or peptide, as shown by analytical levTlI 
pooled «K1 applied doectly to a P«P-uvc revTZ^H^ 
colum «d elu«d using «, app^„,. gradient of ,«^co^a>^ 

"•-peptiaes were desalted by eiubon on a Sephadex G25 at^^ u 
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7.1.2 Synihesi, f PUmiiyl-Polylywne 
PalmhicacidN-hydrexysKciniinideesterris-, v 

*m..hy,fonn«„i<te(n!rl ^^"^ 

-nuoe 1 1 ,5ni|). The resulting solution was lefk «• 

"Hd ihe pellet w., f™^ lyophilised. 
The remaining solid was dissolved in 30* MB, i 

-wna^ainThepelletw^thentaltenupinwaterCairtl^^ 
' "^-™^'^«>^^-'-^-o.plexe.co„ta.ni„,^.p^^ 

onhepep.ide._.jr:r::^tr^ 

•c the complex after condensa.ion with ,he NBcTfI« ^^T^ n-V be «lded 
.o adduion to .he cells. In these case. ^ZZ i '^^'^ " *^ *»«ion step prior 
Hefore addition of the l.popepTd^^ " -"''i*' 



' « ^ Effect Of N-Pahmtyl P.p..des on Tr:.„.fec.o„ Efficiency 
7 I .4.I Targeted Gene Delivery 

Fig. n shows the effea of N-palmnovl-Ismo . . 

«. ««re<«iiiiieilin.il»p,„eiice of 115ft N.|iaiiiit«UNBPi . 
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shown. °' ■ " «Wi^33.NBa conjugae is 



7 > 4.2 NonM„ge,ed Gene Del 



ivefv 



The ,«„,fea.o„ efficiency «een when cells « tte«ed wiU, 

ba«c «sidue .0 phosphate „.« of g««e, U»„ ^ ^1^7 "^"^ ' 

shown in Rg 5) is increased signifiL.lv hvl " * 

.he complex. '"coipowion of p.i,„hy,.«^ p^pUde in 

F'gure >9«howsthatat«,op,i„«,«joofLip2,oNBC2^. 

acuvHyhy >2<>nlc„of™agn«ude..F.gure2S^.^^°l^ 

propenyofdertvatizedpep.Ktesoflow^po.ydi^^"'^!^^ 

pepudes which have poor rela,i ve tr»n.L. ^ These dau also shows thai 

co.h.na..o„wi.hotherderJdnL|«^rc rclr^ 
Th.. however, is no. *e case when these """Z 

Polv-L-Lysine (Fig 21 In u,. case . 17^^^^!^, " 
'L.P.3. failed .oenha«» .a„sfecUon b.- a ^Z^fZ^,^'''"^"' 
Lysine. This figu« alK, show, .ha. polv J'^ ° J^Y^^ (poly-L- 
.cmunal palnu,yl group as described rbov. "'^ " 

w..h peptide Of low pXdisp.^ra. tnir^' ^'^^ 
pvi7ui»pcr3iiy at a sienificant v lower r^^ ■ 

level .han a dehv«ized pep..de of low poUspersityrontri 
peixMBUlDNA. -»» 
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diluted into 2S niM H«*. n M k4 W "^BCl and weie 

«niMHepes.0.g5M«odMm, chloride, pH 7 4 io.c«r«« 

DNAAnl. 1-P2.y«h«icvi™slilcepaniclcsw«p^^^ ,^ 
DNA :5 ™m Hepcs. 0.S5 M chloHdrTr ^ 

P«n.c.e, w« diluted in«> „ equal vo,u™ of dUu,iL»lJ^ Z^T "'""^ 
50%. 25%. 10% «Ki 0% freshly k. «»taining 

The soluuons wert Uten mixed with 1 x 10- Juriu, eelb in RPMi 
ch.o.o,u.ne. Af^ 4h cells we„ ce„..uged ^^^''''''^ 
-suspended in 2^ „, of RPM, ™ed.u. contilngtTtZ «d U« cells 

.he cells .e« collected, washed in 25 H^l 0 « ^ 
.ysedand^helevelofluciferaseexp^rdete!^^^^ ^" 



SYnihcsi^ nf rholrimi Msri^ .r^f^l" ^m^l7'^ 

7.2 1. 1. Oxidation of NBC 12 

NBCnwereobudned. "^"-^-^"^ 'J^Bauon 30.0 mg oxidised 

7^.iaSy„*««ofcho.e«cn.l3 ox>.carhohyd«ide horn cW.««y, cWoro(o™«e 

To « vigofously ««ed «,lwio„ conuj„«g jqo «g (450 Maol) choles«i>l 
cWofofomiaie in 8 ml 1:1 chloiofonn: methanol 1.5 ml f2Dmm«n 
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for2b«i«ciio. iiOiMofChfli-..^.,,. ^ The predua«vts dried 

•veieciiospnyinissspectronwiy «nd IR ta.iy,i,. 
7.2. 1.3. Synihesi.t of Chol*.NBCl 2' 

conuunin£OJ%TFA Afi« r ""'"'"^Mjvcfii system 

7.2.: Biological Aciivity of Chol-NBCl2' 

The abil.,v of chole.McM NBCI2 .o condense DNA was checked as de«ribed 
Example 4. The abih.y of .h.s l.popepnde .o promote .eneZ!f 



DNA NBC9 



LipoPepiide 



O.ISLip9 

0.1 Chol'».NBCI2' 
0.4 Chol*-NBCI2* 
0.6 Chol*-NBCl2' 
1.0 Chol'».NBCl2' 
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The formulttions were prcpamd ts follows: 

'0000. l50Mi< chJoroquine and 37n,M so*um chloride «d 25n,M «^ 

buffer pH 7.4. phosphate 

The complexes were assayed for Ihe efficiency of lueif« 



7 ? Mannosyl-lipid-Conjugates 

Comb„uuonsoflipid.«,u.genns..p»,„„,^3„^ . 
binding peptide. " «»cned lo the nucleic acid 



7.3.1. 




Tl^ co^^g«e ta, . sinutar structure to Man,Den2-NBCl2' exce« ... 
««rt)onhydfocaitwnipwr. ^"*'******«»«»»8Pep«ide by « eleven 

TMS.a(4.9n,l.38.7mnK,l)w..sadded,oastinedttsneB« 
-cid(3.9ga937»moI)indichloron«.hane(S,^ 

^medforafimherlSminatRTthenhcL^'^^^fl 
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^.n^»dw.^.fou..,. excess or.a.v..ed.™^o«id.fi^^ 
^pudew„sy„UKs«edseq«„„.,iy„,.„,UKfoi,awi„g«„i«,«^ 

and Fmoc.N«.,e«.bu.oxycart«„y, ,y«„e. After .he fuu, coupling W finished the N- 
.ennma. Fmoc groups we« removed „s.ng 20* Pipcidine in din«hy„orn«nude. 

The pepude was cleaved fr^ Uk dr,ed resm using «.g«„ K CTFA. wa«r 

phenoUhioanisole.l J-ethanedithjol: 82.5:5:5:5 2 5) «id rwrif.^i i«. 

scpharoscand reverse ph«e hplc. ^ 'onH^claage (SP- 

To .5mpr20Mmol,ofa,edendr.„Kr.n 1 ..of. ,:| .ceu,„i,riJe: w«er mix««. 6 n« 
. . 5 molar equ.vaJenu, of 12-.d.py„dy,d.s«.ph.de .n 100 M eU-nol w«e «Wed After 
.cavng .he mixnire for 5 mm a, room .emper«ure. U.e pepcide was purified by HPLC. 

■ 0 mg ( 13 Mmol) lyophil«d pep,Kte were dissolved m 1 ml of 1: 1 ,cc^^. q ,m 
borate. pH 9.0. The pH was adjusted .o 9.0 by addi.io„ of N.OH. TT« pepUde solmioo 
w«.he„.dd«l«>S^n^4Ha.D.mannopyranosy.oxy^phenyU««|,ocy««^ 

The pepude .w«ihe„ purified by high resolution gel filttatieo. 

By "Sing apprc^ specwphotomr-ic a»«ys. the 

de.em.„ed|o posses, on .verage. between 3 «d 4 nZ«g«,u^^ 
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7.3.2 



7.3 .2. 1 Synthesis 



A .solution of thiocholesteiol ro Sntc 1 24iim«i» » ^, , 

(u amg. l.24Mmol) m chlorefonn(IOOm) was added to . 
stiimj solution of the Insul.n-NBCI4' (2m8 0 24iim«n ; u 

««ng. o.^4»unol) m nieflunol(400»U) The 

««:t.onwasleft,osti,forih.a.RT,henl7ha4-C Thtf^i^ ■ 
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8.1 



Synthesis of Influenza HA Peptide Conjugates 



A ft«w:uonaJg«Kv«conjug«ed,o. peptide of the invemlonwfo^^^ 
«pres«««.ve function., g^up ^ . fi»ogc«ic p^rpp^ 

denved from the Influenza HA may have the 

NH,.GLFEAIAOFIENOWEOMIDCCGC ( Acm) . COOH 
8.1.1 Synthesis of H^-FPIJ- (S-acetamidomethyl^y,) ^OOH 

The peptide was synthesized using a Millipott 9050 ph« peptide synthesizer in 

205r p.pe„d,ne ,« dimethylfomumide. the subsequent amino acids vSZZ 
rreruw-hydroxybenzotnazole and N-ethyl-ditsopn^lamiae as activatim. agents 

Wt.de bound to the «in. This w« cleaved from the .tsin using a 7FAAvataw3' 

The mnidomethyl (Aon) thiol protecting group on the peptide nay he 
fl'ZlJl * water/acetonitrile (1:.; 0.1% TTA) as^vent 

Of the .neoury With 2-.»«c.p««h«»L ^ «uhmg ^ 
tiMOl pcp»«k can be purified using gel nitrauon to give the deiiwi prodti^ 

8. 1.1 J Synthesis of FPI3-NBC2''' 

raa (tiuol form) was synthesized by a standard solid state n«hod 
excess of U'Hiithjopyridyl disulphide «k1 the S-pyridyl deiiv«i,« purified by gel 
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8. 1 . 1 .3 Synthesis of FP13.NBCI2' 

The FPJ wu denv««ed with a two molar excess of i 

Which puces.hyd«ide«s.<iue on .heOiemu^l"^' '«"».c«yl-hyd«zide 
FPl .mennediaie was «ac.ed with a 5 , nZZT.T^T'^ '^'^ 

conjugate conuins a hydn«,„c linkage between ^ ^^Kn^ L 

•.nkage is acid.,abi.e, and w|„ be broken under U^aLtl^ 

re.eas,ng f«e FP, fron. .he condensed DNA<o«C^r ^.H. T"' 

Synthesis or.f„sogen.c peptide con,a,n.ngaC.ie^^ 
cJeavable sequence FPI3. 

The sequence of FP13 is : 

NH,-GLFEAlAGFIENGWEGMIDGGGF-LGEGGSC-COOH 
ri'^:u~' ""^^ n^edn^hods 
Dwnwwwkm of Eadosome Protease Cleavage of FP13 

^offt^p^F«3(see.bove)w.scJe.ved«i„g,hc«^ 
C«hcps„.D.Othc.p«nD «ivi.y is fo«Ki in the e«to««„,, co,,,p,,,^^ 
Complexe. co«.inn.g conjugited FPD pepUde nay have inae«ed tr».fe«lon 
emaency eompwd to those contaiiung conjugated FPD. tince in theoiv ,he FP13 
scq„encewou.dbecte.v.dint..«^.U„„^,^^^^;^^^ 
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««lo«m«U n«nib««. TT« f« pepUdc las been sh^ 

fW.gneretaI[1992]PwcJ^«,jVa«.i5eiU.S.A.89.7934.38. *" "^""^^"y 
Tl«pcptklew„ek.ved«pM^ 

gel filtriuon analysis of the cleaved peptide. «»«ui«ca oy 

The peptide bond (•) between the phenyl.^ ^QpLG" «mence 

^s^hydroly^ed by Cathepstn D to g.ve .wo f„g.«„.s of „^ ^ 
622. laiger N-tenninal fragment has an ab«»b«Ke « 280 nm bm ti« smaller 
fragment does not. The cleavage ration can ,he«fore be monitoied by meas.™. the 
of the elueni obtained from high resolution gel nitntion. 

450 ui of 1 ms/rr, peptide solution ,n 0.15 M NaQ was p,ep«td using dther 50«M 
••sodium citrate. pH 5.0: 50mM sodium curate. pH 6.0: or 50mM HEPES. pH 7.0 
After pre.ncubationat37-C.50mofCa.hepsmD(EC3.4i3.5)i«w«er(l n«/ml: 5- 
15 umts/ml) were added and the solution mtxed. | One unit will pnrfuce an increase in 
A,^ of 1.0 per mm per ml at pH 3.0 ai 37-C measuitd as TCA-sohible products using 
haemoglobm« substrate n cm light path). After 30 «kJ 90 min at 37X: lOO^sub- 
samples were taken for unmediate analysis by high resolution gel filtration using a 
Superdex Peptide HR 1W30 column .running buffer. HBS; flow rate. 0.75 ml/min 
detection a. 280 nm). 

By analysing the A« eluuon profile obtained from gel filtration each sample it was 
found that the cleavage reaction wa^ rapid ai pH 5.0 and slower at pH 7.0. 



0 rafai 30 min 90 mio 

50 0 80-85 95-100 

60 0 30-35 

7.0 0 1.5 
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8.1.2 «d 8.1.3. '^'^'''^^^^'^ ^iaafM h, Eump^ 
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DtHTcnr of Fn»vn.i, P|,nn iffn ,iitu. |^ | ^^ „, 
^ ' Cwiupiiinnnf Hnrt,r.H«K Prrn i rirtn r in riTin 

10 mg horseradish peroxidase was dissolved in 2 mJ «xliun. «w«e »M 5 ?;<v. 
penodate was added .o .0 mM and the solution was left f " 

Pha^aca PD.Ocolu™,. 2 „,£ NBC2 was «Ued and the «l«i« ^^^1 ^ 
.-pe^ture for 1 hour. Sod.um cyanoborohydride was «ldedtTo^ 1 .T^ 
.so.u..onwas.enfor2hours. A. the end of this.in«„y:rw:^.oTol the 

^rJI^TT" u'"'' °" " ''■""""'^ "T** was equilibrated in 

mM Phosphate pH 7.4 and the crude conjugate ioaded. Unconj„g«edZ^r,h 
peroMda^ washed straight through .he column The conjugate w^ eZj wT! 
prad.en. orc.,.5 M. brown coloured frao.ons frotn J^„^;^.:td 
^^cdon.oaSephacry.S.300co.un.ec,ui,.bra.edin25.nMZ^^ 

The punfied conjugate was too dilute for use s,ra,gh. from the cohimn Therefo^ir 
was dulvsed against three Change. or5Lord.sti..dwa.er«,d.l«n««"^ 



Transfection and Assay for Enzyme Deli 



very 



The transfectio,, assay described m Example 4 using Jurta, cdU w«. cnv^ 
fdlowing devUUons from the generic method. SOpg DNA we« conden«d in 0.6M 
sodmm chloride, 25mM sodium phosphate buffer. pH 7.4, 2% PEG 10000 with 
2 Jmg of conjugate. After incubation overnight a, 4-C .he complex «,haioo was diluted 

w.th a sotaion of 37mM sod.«n chloride, 25mM sodhnn pho.ph«e buffer. pH 
7.4. 10* PEC 10000 conuiningLipl3atacoruwuiwioDof0.15Mg/HgDNA. As 
wual 2.5Mg DNA per assay point (2x 1 0» cells) weie used. 
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After 24h the cdl$ were fixed in OJ%.iuiniiihvriefo»ift 

•n.e cell, wee , hen w«hed ^^^TTJ^ « loom «npe«„„. 

Mined 

'*«'«<liiiihec«iio«ia„pfc Now*) «tti«iii,»„ 
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Example ]ff 

^ Tnntfrr „, i nr NTtr, r .mn. -.^ . ^ ^„ 

IncorponUoo of pepdde «q«,Kes Which « k«awn .o cono^ 

10.. ^^'N«'-t=c.«U,„5^„„„,^^,^,,^ 
NBC2 contains the SV40T antigen nuclear Jocaliiaiion <i«»i -n. 

non-..,..n.^.ct.ona,sa..as.«....„HT^p^^^^ 
Complexe, we« assembled m 0.6M sodium chlonde with a raUo of 2Hg NBC2 or 
NBC5 , ,g pRSVLuc plasmid DNA. 0. ,5p, Lipl 3 we„ added u> each complex 
before dilution in order to promote tranRfcciion 



Results 

^•"P'" LuclferM* AcU^lty 

DupUcaiel Dupiicate2 
NBa*Upl3 3.280472 3.332.902 
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NBCS+Upl3 935.883 



878J06 



1 0.2 Synthesis of M9-NBC2 

M9 includes Uie midev localization domain of hnRNP aI. The sequence of Nf9 
is a& follows: 

M9 NH,TGNYNNQSSNFGPMKGGNFGGRSSGPYGGGGQYFAKPRNQGG 
YC-COOH 

The sequence was modified by the addiUon of an N-ienninal threonine residue and a 
C-icrminal cysteine residue to pcnnit chemical coupling to NBC2. The peptide was 
synthesized using a MtlUpore 9050 plus peptide synthesizer in extended synthesis cycle 
mode ( I hour couplings). Fmoc-Cys( AcmhO-PEG-PS- was used. After depnxection 
of the Fmoc group, using 20% piperidme in dimethylfonnamide, the subsequent amino 
acids were coupled in four-fold excess using 0* 
flH.bcn2oiriazol-!-yl).tetramcthyluronium tetrafluorobome 
(TBTUVl-hydroxybcnzotriazole and N-ethyMiisopropylaminc as activating agenu. 
After the synthesis of the peptide was fmished, the N-terminal Fmoc group was 
removed as described above to give the free N-ierminal amino side chain protected 
peptide bound to the resin. This was cleaved from the resin uung a TFA / waier/phenol/ 
thtoamsole/l J^ethanedithiol (82i:5:5:5i.5) mixture. Followmg precipitation with 
ether and centhfitgation. the peptide can be purified using gel filtration to give the 
desired product 

The acetamidomethyl (Acm) thiol proiecimg group on the peptide may be 
removed using metcmy (D) aceute with water/acctonittile (1:1; 0.1% TFA) as solvent 
followed by precipitation of the mercury with 2-metcapcoethaiioI. The resulting free 
thiol peptide can be purified using gel filtration to give the desired product 

Coupling of the NO sequence to NBC2 is best achieved by oxidattoo of the M9 
sequeiice with periodaie to fonn an N^erininal aUebyde fim^ 
^reC2 is deblodced and itacttd with brornoacetylbydiazkle. ^ 
then reacted with oxidized M9 and the conjugate purified by hplc. 



10.3 Synthesis of Conjugates of HIV Matrix Protein and NBCI2 (MAT1-NBC12) 
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one of U« pro^in, «pomible for «hU p^peny .Tte 

'ocaliMion sequences «Dd « thm..K. . f™^^ nucJeir 

TO IS Uwugin to be letponsible for iniH«Mt 
*n.ugh U« „«te.r po« (G.,,^ « ... (.995,^ ^f^^ Z T 

ofas3.««..pepU*«,«„ccc.,edMAT.wH«.b-!:iotL™ 
H-Thr-Gly-Lys-Lys.Lys-Tyr-Ly,-l^„.Lys.His-Ile.V.I.Ly,.Ser-L^^ 

The peptide was synihesised using i Bioseareh 9QS0 niu. bw««-.u 

cx.cnded.yn.es.scyc.e»^ .s,„g p J^ysc:::::;!:^^"^^:^ ^ 

«>«ve„.. Dep„„e«io„ of U« N..em„„a. F™oc.g«.p befo« e«h coup Jg ^ 

« 3ml/m.n). „ids were coupled in four excess using O^m 

and N-«hy,d..sop«>pyi™i« « «n.va„„g ,ge„„. wj^T^ 
.hroo^hou. .he synthesis. fCtewng ^^^^ ^ used-^^ 

OH. F„,oc-Asn(Tn.OH Fmoc.Asp<0-Bu,.OH. Fmoc^ln(TnH)H ^ 
FnK.c-H.srrn,-OH . Fmoclte-OH. Fmoc-L«K)H. Fn^.L^^fflocT^ P 
ScrC-Bu-OH. F.oc.T,„<3u>-OH. F.oc.Tyrn.u>-0„ '^^^^rAi^'^- 
symhes. of .he pepUde .„ con^e.e. ^ r..^^ ^ J 

descnbed above .og.vedrf« am.no, .decha,npro««d.pe^^^ 
The resm was *e„ washol u„o , g.«s v.aJ w.,h med»nol «^ ^ 

Tte pepude was cleaved from ,he res.n us.ng a TPAA.«e,/phen;rfAhioa„i,ole/l 2- 

<^ved). The iwn wi, ten removed by fiUraUon and washed 3 Ui«. with TTA 
Tht comte«I niime ^ washings were concentn«ed by evapo.«ioB then p^dpitated 
•«.ng diethyl ether foUo««d by ceatrifugauon ,0 give the audep^ 

^ to rSeph«ta 02s (superf-^e, cohimn of ^ .pproprime ti« and duted using 
1% Acetic acid iolution. The factions containing the peptide, as shown by 
«vcne ptase Mc. wea pooled «J lyopW^ 
•chieved Iqr piepaiative ,a«« phaK hpk using a Dynainax 8^221^ cohiin^ 
appiopnategradiemofA0Bonitrile(0.l%TFA)inWat«(0.1%TFA)over20mm Tte 
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lyophilised. 

*^ «»««i<» o" • -efA-fex G25 «.ped« ^ 
(1.6x30cin) w,di 1% «tic «id to witei. -nie Rsulimg fiwion. wm ««ly,ed by 
reverse phase hplc. pooled ind lyophilised as ibove. 

The aceiamidonwhyl pnxeciing group on (he cysteine resin may be removed by 
«atmen, with Mercuric acetate m 30% acetic acid wMer. product of this .taction 
may then be further purified by gel niintion on 025 as described above. TUe free thiol 
group may the be used as a handle to aiueh the peptide via a linker to an NBC 
Aliematively oudation of the N^erminal threonine moiety with periodaie. as described 
for NBCI2, furnishes the N-terminal glyoxal derivative wfaicb can be coupled to an 
appropnate peptide hydrazide. 



1 0 4 Synthesis of conjugates of the anienapedia homeodomain and NBC 12 ( AKTI 
NBC12) 

The homeodomain of the Aniennapedta gene product has been shown to have nuclear 
localization properties (Deross. et al 1 1994) J.biol.Chem. 269. 10444). The sequence of 
the domain thought to be responsible for this propeny has been identified and is 
-ncorportated in the following peptide: 



in 



H.Thr-Glu.Arg^ln.lle.Lys-Ile.Trr-Phe-Cln-Asn-Arg-Arg-Met-Lys^Trp.Lys-Lvs. 
Glu-Asn^ys-COOH 

The peptide was synthesized usmg a Biosearch 9050 plus Ptepsymhe.<(izer in 
extended synthesis cycle mode using Fmoc-Cy$artK)-PEC-PS-Rettn with DMF as 
solvent. Deproteciion of the N-tenntnal Fmoc-group before each coupling was achieved 
using a solinion of 20% piperidine in OMR I min at a high flow rate followed by 10 min 
« 3ral/min). The amiiio acids were coupled in four fioid excess using 0-(lH. 
benz«Mzo-l-yl>«Mnwhyhiionhim tetrafluorebonte (TBTUyi^iydioxybenzotriaiole 
«ad N^ldii80|irepylaniii>e as aaivating agemi The twipl^ 
throughotit dK synthesis, tht following amino acid derivatives were used: Fmoc- 
Arg(PbfW)H. Fmoc-Gln(Tn>.OH. Finoe-Glu(aBu)-OH, Fmoc-lle-OH. Fmoc- 
Lys(Boc)-OH. Finoc-Mei^H Fmoc-Phe-OH. Fnioc.ThifBuH)H, FroocTiiKBoc). 
OH Fmoc-ViIOH. After the synthesis of the pe|Xide was complete, the N4eiininal 
Fmoc group wis removed »s described above to give the free amino, side chain 
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P«»«eeted. peptide bound to the «i„. The resin w« U«, w«hed «. . 

"«l«noI and dried in v«uo. wished hm a gtais vi«| wiih 

•nie peptide w«s elemd fiom the resin u««g « TFaa».^a.u-_ . 
cth««di.hio. (82^: 5: 5: 5: 2.5, „.«u,e ili^^^J^^T^^ 

-.n« diethyl ether foHowed by centrifuganon u, give the clll^^.'^ 

The crude peptide w« dissolved in a small anKHHtt of 25mM u 

water and applied to a Seph«lex C25 (su^ 1^^,^""" ^ 

c...cd using .l«,a«e25mM.™„on.„.hic^«^^^^^^ 
-pep.ide.asshownhy.„.,.„.„_,^,,^-«;^^ 

group ..y ^ .oced,..^.^ „ Dipyridyidisulphide if 

Wa.er.0.l/T^:^^^,^.r3'^ Aceton.a.e<O.I* T^A, in 

evaporated . ..cL^ ' "^^^ ^ ~ 

The peptide was desalted by elution on a sephadex G25 *un«fi^ . 

pejnide hydnzide. * *" "pptopritte 
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£ttlDBltUl 

Prtwrilhtnnf nn i tral hYitonWHr ^j^^^ ^^ ^^^^ 
MKc wiHrlft. 



Ncuin.1 hydrophiJhc po.yme« such « PEG « luK.wn «>effect 0« i« ww, subil..y of 
|»n,c « „d p™^« in Wood «rc.m. lnconK.«icn of such potymers would 
.hcrefo«beofadv«ugcinU«devdopmcn,of pa«««l gene ddiv«y sys«n» 



U.I 



Synthesis of randomly denvaitied PEC Nucleic Kid condensing pepUdes 



1 00 mg of iysme r,ch NBC peptide s or E-wnino blocked derivatives are 
<l..«olved,nI06mlof25mMbora,ebuffer. pH 8.8. The .oM pegyUtion reagent 
monomethoxy-polyethylene gjycol-p. mtrophenyl carbonate, is weighed out to provide 
a 5.fo.d molar excess of reagent over available a- or E - uaino poa^ and dissolved in 
1 00 ml wa|er. The «agen. «>iuuon is then added to the peptide solution and the «ixtu« 
.ncubated for 3 hours at 37*0. A, the end of th« period, .he reaction is quenched by 
addmon of 10 ml of 100 mM ethanolamtne. The pegyl«ed peptide is purified by «t.o„ 
exchange chromatography as described >n Example 2. and incorporated mto the 
synthettc virus like paructes as described m Example 4. The «nount of pegvtated 
peptide required to increase the m vn« iransfection will vaiy with the cell type of the 
target cell. 

1 1.2 Preparation of a Defined PEC Conjugate PEGjjbb-NBCW" 

A maleuitidc defivati>«Qf inonomc!hoxy.PEG^(nJK^ was obtained from 
Sheatwaier Polymen Inc.. Huntsville. Al. U.S.A. and hts been used to prepare a 
tottlly defined PE0.NBC9 conjugate. Thesinglecyaeine*k>lof NBCI2 was 
depreteeied and leaaed with the mileimide function on the PEG as follows: mPEC- 

MAL was added ai«5.foldmolarexcessio 15 mgofthethiolfonnofNBCU in 

25mMHEPESbcf&r.0.l5M sodium chloride (pH 7.4). Tbeie«aion wa$leftat2rc 
for I6h. 
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The foliowiog purincuion proceduie was followed A eu.. 

Thc^„conJug..w.d.«l.edJ;;:^*''-*^'^'^ 

The conjugate is "heavier" by Superdcx Peptide analysis than NBC12 tk 
conjugate « covalently linked is .upponedrevidenTf^ ^ 
Supe.. Peptide..™ 

".3 ^^'^»^-^»«'=n„edPEC^p„,„^.ecapa«eof«^,^^^^ 

1>.e pre^nce of a PEC coaung on the del.vcy complex (cc^ttauly linked, .nhibtts 
on.pec.fic gene.«nsfec..o„ (data not shown,. For v.«, J^^J^^ 
.mponant ,o .ncoporate any target.ng l.gand on the PEG polv««^r ,^ 



Con,^.,. which hi™,™ ,h. „^ , „ 

ana UMAP and rccircubunfi ovemipht tk- — 
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ideal for UK » a phannaceuiical -TT^ *™ «My is n« 

tumour tissue or i.v. »~"«w umucs such as 

TteJ,so^icF«^ or inexvn. 

12.1 Pnpantioa «)f High Salt Fomuilaiions 

These fonnuteiow cootun 0.3^).6mgAri DNA «»I involve initial aixia. of the 

l^uuite «,«mt of «»de„«„g pcpUde or peptide. (0.3-l^rS*e DNA in 

U«pn«.«of03.lM««iiumchlondeco««^ 

buffer ««A as 25«M phosphate or HEPES1.PH 6 '"''^''^^'y 

m .he case of the HHS high sah fonnulatioos only the underivatiied co«te»ing peptide 

.sadded to the DNA. Alter i««.baUon«4X for IftoU^peptMiecontpo^ 

cWoroquine are added as a concentiwe in the sane buffer. 
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suneUineiatheBKteBttAri..««^ ■"'^™««niwwai«e added tt the 

'WUQf 2% « a Mit eoneenwtion of 0.«M «d DNA 

f^wicicn wete defined using the lucifeme >»v»^ 

a nxcd conceninuion of 2% PEG vary,„c ih= n^!«l " « 

f to varying the DNA «id salt conceniniion (fig 25, 

Tht following soWons vm preianii 

a. SOC^g/,^ Of plastrtd DNA in 0.7M sodium chioridc. 25ntM HE^ 
b 6„g,„„NBC2i«0.7Msodi„™chlohdc.25nJ^HEPES oH74 

d) lOmM Chloroqume in 0.7M «K.ium chlonde. 25mM HEPES. pH 7. 

The NBC2$oJution (I vol) was slowly added t«,h.piKiA 
"--•^•^--^^^^-.nel^C r-^^^^^^ 
opc...onw.sc«.edo««^„.e.pe„.„......^^t^-^ 

•emperatuTt the complex was stored ovemigh. ,. 4«c. 

0.12mIofUp2«>haionperinJofcon.plcxwasthenadded.othe«™„u . 
agitation followed by 0X)12nilon0mMrK. ' *° ««"P»" «^ 

^"•"*^°^*°™^'=WoroqtMnesoIiiUonpcrirtofcotnpl« 
soiution-Thecoo^^^^^.^^ 

•2->.2. P»«I»«iooofa High Sal, Fonn^ 
The following lohaioos were prepared: 

.)5«»««p«sVU«D^M■nO.^M»di„chh«d.:*,*,«l« 
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7.4 and 2% PEG 10000 

The NBC13 ^ Upl3 «,„,.„„ n vo„ Mowly he DNa «,lu.ion (, vol, 

wnh a,.u.on u..ng a .KA.Schu.Ucr MT4 „«ch.ne , 30(^ 

nu„«.c. Tlus ope«.o„ w„ ou. a. .e™pe«u„. After Ih « room 

tcmpcraiurc the compcx was niter sterilized. 



12.2 Isotonic Formulations 

in these fonTu.Uuons ,hc gene dehvcry complex . stored as . high salt for««latK», a«J 

diluied jusi prior to use. 

1. h« been found ,ha, diluuon m.o sal.nc leads ,o physical insubility and loss in 
transfecuon potency. U has been found tha. d.lut.on „.o PEG no. only to no loss 
ac..v..v but leads to . s.gninc«.t. 3-10 fold boos, .„ «nsfec«o„ potency (F.g„re ll 

The effect of using PEG as an exc.p,en. hx. been shown ,o effea the size and sue 
distnbuuon of gene complexes 

The Photon Contlafon Spectroscopy , PCS) Analysis of NBC9 Svnthetic virus 
i.ke panicle. Prepared W.th and W,.hou. 3 :5'-. PEG was as follows. NBC9 svmheiic 
vtnis like panicles co.«ain.ng 2pg pept.dc per >xg DNA were p«p„td « a concen,«ion 
of 100 w DNA per ml in 0.8M sodium chlonde with and without 3.25% polyethylene 
glycol (PEG) 8000 « described earlier 200^ NBC9 in l.OnU of 0.8 M NaO 
0.25inM HEPES pH 7.4 and in one case coniainiag 3.25% PEG 8000 ww shilcen a 
500ipm. 100 plasmid DNA was added in a small volume (54.6 The complexes 

were teft« room temperature for one hour then aoied «4Tovenight PCS analysis 
was performed the following morning using a Malvem Instruments laser light seanerins 
machine using S4700 vl.26 software and a cell «lapted for a sunple vol«„e of 0 5ml 
The laser angle was set at 90" and the average siie calculated from 10 scans 
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Table I 



Scan No. o«MMo, ^^"^^^rm. 

OmN.a 0.8 MNaa. 3.25% 



PEG 



I 

3 
4 

6 
7 
6 
9 
10 

Average 
Sue 



82.5 


10.8 


178 


II. 1 




139.3 


10.5 


96.1 


10.6 


83.2 


10.6 


76.7 


10.8 


87.6 


10.2 


85.5 


11.4 


231 . 


11.9 


82.5 


11.8 


1 '4.2 52.2nm 


ll.0+/-0.6nm 



This expenmeni shows that m the presence of 3 35% PPr .i^ . 
the pene deliven- wnides ^ .../r . PEG ,n the high sali fonnulat.on 

er> panicles are s.gn.ncan.ly moie competed and regular shape. 

i:.2.1 Isotonic Fonnulaiion PEG I 
The following solutions were prepared 

0.6M sodium chlonde and 2?f PEG 1 0 OOO "n«a«ng 
b) 0.4mg/m, NBCI3 «d 0.12m,,ml L.p,3 .n-25ntM sodium phosphate buffer pH 7 4 

coou.n.hg0.6M«xIiumch»ondeand2-. PEC 10000 P" ' * 

0 10% PEG 10000 in 25mM sod.um phosphate buffer. pH 7.4 co««ning 37mM 

•oditim ehJofide and ISOmM chioroquine. 

nunute wrth nuld -gtuaon. Th.s complex com««»,e was then incub-ad « «om 
tcmpe„tu« for Ih, filter sterilized ^md stored at 4«C untU required for use 
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f gene convlex co«ce« wte . 4 voI««s of pEoZ^ 
ihen used within 24h. ^ofFEG diluent The diluted pRpntion ^ 

12.2.2 Isotonic Fonnulaiion PEG2 

cliloridc «>d 2% PEC 10 000 containinp 0.6M !«xliuin 

b» 0 4mg/ml NBC13 i„ 25n,M HEPES buffer pH 7 4 . 

chloride and 2% PEG 10 000 "nummg 0.6M sodium 

numan iransfemn and imiM ^ki 

«<« I-OmM cWoroq«.„c ,n RPMI 1640 cuhure medium. 

An equal volume of the DNA was added 10 the . 

then used w«hin 24h. ' ^ Preparaiton was 
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Example 13 

A series of fonnulnions of pRS VUic DNa we- . 
The fomutaiions tested ve as follows: 

Stability rnmplnifj 



pOOng/ml 
0.6 M NtCl 
2% PEC 10000 



UPI3 
pOOuj^mJ 
0.6 M NaCi 

pec joooo 
, JOOuUIj''^^* 

0.6 M NaCI 

I ♦4 'C 

0.6 M NaCI 
-20 'C 

iooliUii***"'^ 

0.6MNia 
2* PEG ]0000 

-JCIJTuirtMr 

100ug(ital ■ 
0.6MNaa 

2»reoioooo 
jO c 

UPI3 ^ 
0.6MN«a 

UPI3 ♦^'^ 
100 pgriol 
0.6MNaa 
20 T 



muaems 



Activity appears aabte for 
fieater than 40 days 



f*f'«« diluted 1/5 with 
37.5 mM NaCI; 25 mM 

f./SS?*'*P"^ '*: »0%PEG 
n0000^or8000)contai.un° 



37.5niMNaa;25niM 
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"5T3 

7T3 


LIPI3 
IOO|ig/mi 
0.6MNaCl 
2% PEG 10000 
44 'C 




100^g/ln] 
0.6 M NaCI 
2% PEC 10000 
-20 T 




lOOng/ml 

0.6 M NaCI 

600^Mchteroquine 

44 T 


Si^ ■ 


lOO^ig/ml 
0.6 M NaCl 

600uMchJoroQuine 
-20 'C 




lOOug/mJ 

0.6 M NaCI 

600 oM chloroQuint 

2^ PEG 10000 600 

UM chloroQuine 

44 T 


TJ9" 


lOOugtal 
0.6 M NaCI 
2% PEG 10000 
600 uM chloroquinr 
-20 T 



phosghate pH 7.4, 10% PEG 
betore lite. 



f't^l9««iluittl 1/5 with 
37.5mMNaa;25mM 
phosphiie pH 7.4: 10% PEG 
(10000 or 8000) immediaiely 
before use. 



Figure 27 Shows Uu, in ril cxcep. ,wo cas« the fomml«ioas »e suble. 
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Bcl2S-BlO 

5'-GCGCACGCTGGGAGAAC3' 
ficlAS-BlO 

5.GITCTCCCAGCGTQCGC.3' 

abeled w,U. biotin in the 5' po«,ion 1,^ oIig»ucle«id.s ««e obuined from R&D 

Sys.eu«E„xope«d«Ute«> 0.035.5. b.« coding regioB of d.ehnn«BC12ga.e(^^ 
•I . (1986); Cell 47 I9-28J Ba.7c.Rin »^ g«e (Cleoy « 

eu. 47. 19-28). Ba-2S.B 10 B . «n«e sequace oKgoandeotide and BO-AS- 
BJO^s^^r^ol^^^.. TT.eU„c.oUgo««teoddewouIdbe«^«edu,i.^ 

.«h^cn.«„,bu-.nBC.-2g,e«dby^«gBC.2g«e^^^^^ 

AS-B,Ou..o.synthedcvin».Ukep.nic.e.«uu^ 

Tie oligo«„deoUd« were eoodcBKd wiih 2Mg NBCI3/lMg oHgonudeotide ( 100,g 
obgon»c.eo.ide.^)..,e«HbedinE«n,.e4.iU.U.efoIU«^«H^ 
W.S 25«M «diun. phosph« pH 7 4. 0 6M witb respea to cyoride. Aller 16 h « 

4.0-C. the con^toc w« ditaed to 20Mg obgonudeotide/al in 10% PEG 10.000 37 5aM 
sodiun. chloride. 23aM sot^ pbospha.c buffer pH 6.5 cont«ning I20mh. chloroquine 
O-lS^gUpiaypgoligMuetaudeDNA 1 x •0»J«rk«cdl. per point v«,«ufeaed^ 
2.5Mgoligo«ud««ideDNA. The eeU. were incubned for 4 h u de«ibed in ExB»ple 4 prior 
tOT^iMAsihttaDamw^^h^a. After 24 h the cen.««w,A«dM*b 
phoq,hite bnlfatd oSne md fliufaed fori 0 ain in 0.03% gtatmUdiyde tt loooi 
teapermnt. ThtcaMmMgunMmaitdy>Ahphot^),a^^^^ 
penDuhifi»I ««h 0.1% «*» X 100 for 2 « 4.0-C. Ate nm ^ phoM«e 

baflbed uline the eelb««rtre«ed with Vec,oi«« ABC\^^ 
»«n«ions(VeciofL.bor«mes.Btrfingtoa.C.A.X TWsldtcottri«.nradin (which b«d. 
«roagly.obiot»).ho«er.«pe„«id.«coiqug«e. A^ 
cdI«w«iwAedwithpho^ml«fib«d«diaetnd«owlw^ T^, 



105 



WO9</41«06 



PCT/GB9C/0I39C 



106 



E««titp|f Iff 



u.ng.hesu«,.rda«.ycond«.o„.«ccp,u«. .(^uwllir '^'^ ^ "^"^ 
.ransfeci.^. medium. Fig. 28 shows ^ ^ CM^lT"^ '"""^ 

transfer. Penphe^ Blood Mo„o„uc,c. CelH^'i^T"^ ^'^'^^ ^ 
companion shows Ok .ransfe«K)n . "^'^ «fl5oenc.« lo «1I Ji„es. 71^ 

hy standard FicoJl g,ad.e„, cemnfjgauon 0^^^!^ 
SEMO0%uhcacuv...esca„t«co„,.l,;„°;;^^^ ^ ^ -.ys f* 

29 Show. u« DNA complexcd w„h anu-CDT-NBC « 
penes .o f„,, -ononocj^^'''."" ^""^^'^ ^^^^^ 

simulated T-Ce„s„ we,, as ccJn.ncs.Jurk,,, ^10^ ^ °' 

am..CD7.NBC2 conjuga,cs on ,hc CD7. „ ^ """^ «»« ««.v„y of 

- fresh pcnp^^ -Lr:rtX^tor"' * ^' 

c-«n„g„„dcrs.anda,dco„d„.o„..„...p„:::,^^^^^^^ acva^d ^ 

'5 - fa r>rliTn- 

SynU«uc Vims like PwiCe of Z "' '"^ "^^"^ »^ «IU by a 

M munnc carcinoma modei wav u^^k 

^.rLZ!' 

- Br.'^Lrr:::^ i ""^ 
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f peptide NBC2 in the ,««buff„^_,^ 
0.3Mg/Mg DNA w« ften «^ ^ « ^ «^ l^p2 «. final eancai«uon of 

Three mice bew„jT5a«0,umo«wr«,„.«-^ 

- :o „, „ ^ rr:r r;::::'r 

piasnud DNA: animal (b) deJiverv efi«...u 
-.nuMcw^mjec^,^,,,^^^ ^ ^ «onu.«ing 7.,4ug 

or - .OmM so.u..on of ch.cro<,u.„c d.^rilT™' T ^ " 

removed by d.sscc.io„ snap f„„„ „ « '1 ^""^^ '"'^ 

--.H ^ ce„.« o. J, < secuons 

P^o.pba.burre.dsa..ne Secnon. we. sCj?.'" ^""^^^ 
X -GAL rs.gma UC. Poole U K , And P-*''^'"^ «t. v.ty for 24h i„ 

-n.. .V Bo„. e. aUH,p. UnXT;."!;^ 1 1" 
ll j:.lac,os.dase acuv.,y Mam blue ""^ 

The slides were examined microscop.caJIv with .he 
••".ecied wuh naked DNa, all '^'^ '«"ow.ng naulu. Ammal A 

- "Passion w. on! ^ I" "^'""'^ ^ ^-.a^-dase 

— an.m.B («.c.ed "^T^^^^^^^^^ — 
■n occas-onal seaions: ammal C .m JJa Z 

««.on Showed U«e a«as of " ^""^ 

•wge are4N oi P-palactosidav positive eelk 

galactosiitaK n,ei«ni«,. •*'*««'P««onoftheen2ymep. 
*'««ection$ were prepared a!ufc«Mii^- 

• "™'^'™«''™«w»ismjecmlw«,ii,a„. 
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To cvaJuatc ge«e wer of . sensitive nrponer «„c .nd , 

'-2 .poner««,,scco«, encoding .L;lrr,:^r^ 
«nde.^con.o,ore„..^o,.c.„,cnpL,4™i:^ 
A soluuon of pLsmid DNa tpTK7 200u^!!rT 
-n Hcpes p„r. L.Z^ZL'^'^'^ 
^f)Orpm usmg , vonex mucr riKA-Schu,,Jer MTa^a , « 

vol/min «o «he DNA .. a r.« of 0. 1 

A$econdsol«.onofplasm.dDNA(pBPV.ECONTR 7rtn. . . 
expressible £. co/imuo«duc,«e «ne .n -5mM hI. .7^ ^OOug/nU) codmg for an 

'he DNA a, a raie of O.J vol./m.„ buffer was «lded dropw„e to 

The compJcjtes were incubaiedovemichiai4'Ct»« . 

-ere "-xed .og«her. T,« 50:50 mixture .^ U^^ T" ^'"^^o^-ch 
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Rcaultg 

Fig. 3 shows that in Tumour I. injection of DNA-NBCU complexes diluted imo 
RAT resuhed m poor tnmsfection efficiencies with only the occasional cell or small g«», of 
cells staining blue in just a few of all sections taken. 

•nFi8««31(b)itcanbeseenlhatinjectionofDNA.NBC13complexesdilutedinto 
(RAT*10% PEG 8000] into Tumour 2 resulted in the tiansfcction of only a few small clusters 
of cells or single cells in the tumour mass. 

However. Figure 31(c) shows that inj«nionofDNA.NBC13 complexes diluted into 
fRAT+10% PEG 8000 * 0.6MgLIP)3/MgDNA) resulted in the effidem mmsfection of large 
groups of cells and these clusters weir vfsible throughout the lumour mass, indicating that the 
complexes were well dispersed throughout the tumour upon injection. Many isolated single 
cells and clusters of cells were visible in sections taken at many different positions 
throughout the tumour, agam indicating efficiem dispersion of complexes upon injection and 
emcient gene transfer mediated b>' the delivery system. 

Figure 3Ud) shows thai injection of DNA-NBC13 complexes diluted into 
(RAT- 0.6ugLIPI3/MgDNA) results in transfecUon of «nall groups of cells, and is less 
efTicient than when this formulation is supplemented with 10% PEG 8000. Figure 31(e) 
shows a section of the same tumour in Figure 4 in which very efficiem delivery to a Uyer of 
cells close to the surface of the tumour was observed with DNA-NBCH complexes diluted 
into {RAT*0.6MgUP13/MgDNAl. Only one such region was observed in this tumour, 
ncvenheless the level of expression in this region was high. 

31(0 Shows a section of uniniectedT50/80 tumour which stained negative for 
lacZ expression. 

Conclmion 

in vivo iiyeetioo of gene deli vety complexes, comprising both NBC13 peptides formulated in 
10% PEG 8000, resultt in wide dispersion of complexes throughom the lumour mass, and 
efficient transfeedon in vivo of tumour cells. 
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Detatlftrt f l f f igmu 

Figure 3 1(a): 

Figure 3 1(b): 

of view. ' me new or v,«v. occupying «i ««i of - 1 % of the total field 

Figure 3 Uc): 

Se«ionofT5(V80nuBmnary,umourtissueinwhich.h«Klofl«^-w,- ■ 
seen .n the fidd of view extending from the top \.t^^e^T°"^ 
the bonom right-hand con«r. The blue cells ^ ^JT^Tr^ u 

cncompass«,«,of-20%ofthe field rflwAZ^Jln^^^ 
™.erial.e«hfocusreprese„.i„,.,„,,,,.^;;^^^^ 

figure. An area of fain, blue staining can also be ^^inl ^^^r^'^^ be seen in this 



Figure 31(c) 



of view. '"^ '""^ occupying an area of - 1% of the total field 

RguPC 31(f): 

Section of TSWro mammary tumour tissue in which a laver nf W7-u 
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who« exp„„ien would h.vc some be«ef^ y^^"^ * 8ene 

-c.p.en.. For opcima, eflicency of ««« «„ *e ceUs of fte 

'OOnm. ..e.. i« U« ,ize range of appro„m«eJy l ^ ^ ^ 
50kb .„ .engo,. The nucIeK ac.d Z be Tt^ f ^ ^ •PProx.ma.Cy 
crcu/ar. or in .he fom, of , DNa f'^n. "''^ or 

Examples of lherapeu.« genes « well known « Ae „. ^ . 
'""•'ed «> the Nlucoce,ebro,u*« ^ ^ 

vini! lite prt* iMy be »«a dwa ™^ " swlwic 

?e« or an addition) pocenUaJiv bcneficiaiZn of • defective 
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«»mini«Bed will viiy fiom oaieni i« - 

. «««">«>• IS also comempiajed within .i- 

'heropcunc gene .„ accordance w..h .he^nrnl^"" "^""^ ^ 

^^^"'^'-"^•^-•-.e.e.eno.srd^,:!^^'"'^ 

-PC Of ,0M(r cci... pe, p,..e„, Jri' ""-"y be i„ the 

celts per patient ' "«««»inemly: preferably jq' 

^ .o uea. X-i.n.e. ,,.ob..„e.. THe co«.e„«, Jj^, ^ 

36l::26-233) which . ^"^^ « U 1993 w 

» earned on a 2 | kb fra««^« ' * 

Po-..on t.33, and the H.ndin s..e pos J.l^^;' ^ "«e a. 
•nclude «que,«es whurh confer po Jon ndel'f * 

Po.vAtail.wh.Hnuy.nc.depon.o.oflnl^irrr^"''""'^^ 
= ' VS„ - «on 3 - . pLy^!;!;:: " ■ ^ ""^^ '^-^ ex<. 
A symfaetic vims-like pantcle conta,„,„g ,he Bn..«.v . 

«««»W«»«d«aa«ihe«.«. H kinase ««« is 

« oescnted herein and used ,o treat X-linked >riobuli«««i. w. 

••nkcd^g,oboli«n«wi,,i«:.„dea..g«,,f„«,^,,,.p^ „ ^ 
-..known in U. « and wi„ . J^^' ^^-^ « 

«P«»« f ttigeungoneormorcof 
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0* following odi lurfaee markcfs: CD9 CDIO CDio nr^^ ^ 

CD40. CD72. .nd CD74. ' <^24. CD38. 

A synthetic virus«UkcDankl€ile«*ik-M<k^ i 

^'""^^ *^°™««»««n. which nauitt in «Arg-> 
cm subst.un.on « position 119 of :p.glucoc«bmiid^ 

Mr»A /..->. I. I98K) Gaucher N rvnc 2 is a CTG > rnn 

uu..>p„........__^,,^^.:;^~ 

P p.ucoce.bros.d«e gene. . .„ „^^, „ ^ 

uh.ch . ca.«d. as d.sclo.cd .n Horowu « aJ.. on . 9722 b«c fa^n^,.' 
ex.cnd.n, f.o. a BantH. s..c .„ exon . .0 an EcoRV ^ 3, «, p^^TI 

■n exon 2 Scquence^ confcmnf posuion-ndepouta.. am, tissue-spccir Z 
«prc.ss.on may be .ncluded ,n .he co««n« and art c«hed on an iTg IcbThl, 
fropmcn, from pHMyx con,.«. ,,^„bed .„ Bo^^ 7^^ ^ ^. 

Orp Jour 9:2843. "*"«rci ai., j^w. Euro. Mol. Biol. 

A syn.he„c v.n«-..kc pa„.c,c conu.n.n| the Nlucocereb„,sid«e ^ne « 
assembled as described he..n and used ,0 t«„ Gaucher's d.sease by itmoducmg the 

Vol 7L pages 75-78 ^ .mroducnp the ,«nsfected macrophages imo^ pZi 
afn.c.ed with Gaucher s disease Exprc«.on of .he wild3t^ ' ^ 
affl-cted With Gauche.sd.sea« Should rcsuluncor^til?::"^" ^ 
d^d ««e. TT« .ywhetic v.ru.-...c paruc* wUl con.«n a lig»d ^ ^r^c^ 

fo^«mpk. monodon.1 ««.body havm^ specindty for and capd,le of urgetin. one or 
mon. of .he foUowing ce« surface markers: CD14. CDI6^26 ^(^^^ 

TT« celb targeted for lajavo or fii^ gene ti«af^ 

""rker for which a coneaponding spedfic ligand is 
av«.able orcan be ptepared .0 alio.- for c«II-.peci«c «c«di„gVa^ 
mven.H«,. For ex^nple. cells of .he rmn«oe syuaa «^ u T<eIU. B^^iis and 
macrophages, hematopoietic cells, and dendritic cells, each ceU of which bears one or 
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<tepe«*«« -poo the Kteed een. Using «ib^ 

u«d for gene «aterter«««««pwcedu«(«, for ea^ 
Appl^uoo. 0 455 482 0 45. 61 1, wteh d»ek« n^^Tfa;^^^ 
celh from . poputauon of hem«opo«.«: cell,,. Aha»«ive»y. «n«p««enZl!!" 
celU .«d ««n. cel. pop«U.in«. n»y „^ DNaZ^ 

(te.scrtbed Iwrein. «™iMBr ». 
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T^fcOowmg tocribe, .rttrfection of m««»K« eeU. ^ . ,y«heric vin» 

Jd ^ tr«.ftction u«„g the .yn.h«ic vin., Uke p«tid. i. d^p^^m «, the 

n«Un.-n.gc«oro^«. The«lo„orc«oro,ul«ec«be«,|»ed^p^rb«iror: 

(presu^Wy by «ten«ion of this hpophilic molecule to the hydrophobic «rf„:e of the symhetic 
vuusl^ep^tide). 22 show, the i„c««d t^nsfection effidency ob«n«^ 

o7J!^rr'^^''*'''""""''^^'"*^^^-'"--p«-«--^^ 

of 120 . M dJo^ne before exposure to Jurk« cdls. The symhetic vfau, Hke p^^^ 
nud«c .dd delivery to be optimized fuaher by increasing binding ,f ,hkm>cp««e through 
elevation of the levd of lipophilic substituents in the synthetic vims like panide. The nmge of 
P|^na.b«ion concentrations useful according to the invemion are generaUy from 10 .M to 
70mM A, the higher dosage, the maximum amou« of ddoroqui„e «lmi«stercd with the 
synthetic vim, Uke panide in vivo should no. exceed 3.5 mg/kg body wdght For ex vivo 
WhcatK*. the foal co««.x«io„ of d,loroquine dler dihaion from the formulation should not 
exceed 200 uM. 

■^'»«f«*"«ffi^«vitrocan.l,obeincre.sedbyex,e«^^ 
the target cdU are exposed to the synthetic vims Mke panide in the pn»ence of dyoro<nri„e 
Rguie 23 show, the eflte of inoeaing the i^nAation time on tiansfection of Juikat cdls by Lip2 
synthetic vims like partides in the presence of 120 /J^ diloroquioe. 

lnRguft23.ialution,ofNBCl wereeither«adeupataconcent«tionof200Mg/«lin 
25 mM Hepei. O.SS M »&m dJoride. pH 7 4 containing 0.7 M uOnm ddoride or in the same 
buffer contMmg 5H PEC (Sigma Ltd., Poole. Dor«t). Ead, «Attioa *m n«ed with an 
appropTMte amouat of 3.5 mg/nd RSVLUC piasmid DNA to give t final «»ncemntion of 100 
MB/m plasnid DNA and the mixture incubated at room temperature for 60 min. followed by 
fbrther incubation at 4*C overnight. The symhetic vim. Eke paitide. were then dihited either 
<li«tly into RPMI medium comainii* I x 10* Jurkat cdl, and 120 /Af chloroquine (25 ^1 DNA 
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V«h«fc vJniiIilcepBticte into IBJ Of oeU culture 

cWoiHle.pH7.4eoi«iiitti«10%PEOtOiliMlc^^ After 30nm 

•t iiHW teiB|»«ure. the loUitkm m Hep« buifiw 

lO* Juri«cdb«d 120^eMo«)quiae(IOO^DNA vith^ 

cuhure medhnii). ^ 4h tht cdh ^ cmnkff^ ib^ rm,a^ M„i At cOi 

resuspoMted in 2.5 ml of RPMl medium containing 10% feul olf lenun. After 24h, the cells 
««e collected. *«hed. ««l |y«d «ul the levd of ludferwe exp«a^ 



•bove 



OTHER EMRnni>4p]^«; 
Other embodiments win be evidem to those of skill in the en. It should be understood that 
the foregoing detailed description is provided for cUiity only and is merely exemplaiy. The spirit 
and scope of the present invention arcnot limited to the above examples, but are encompassed 
by the following claims. 
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CLAIMS 

qntthetic viRtt like panicie comprntng 
a raoMiibiiint nudcic acid, 

. F^hy of nuddc add condendng peptide.. «id peptide, bdpg «on.«valen»W 
«soc«ed wiU. «id recona«™« «,dek add «d. U« .dd mu^ 

whe«m e«* «id m«ldc acid eondeasmg peptide i, a heteropeptide. and «id plu«fity 
of mideic add condensing peptides has low polydisperdon. 

2 TT«^y«»«ticvinislikep«tideofdaimIwherri„«udph«^ 
peptKle. comprise a fo« middc add condendng peptide ami . «cond nuddc add condeadng 
pepude. whc^in sdd fi« nuddc add condensing peptide comprises a fl« functiond g^up 
covdently bound thereto 

3. The symhetic vims Uke panide of ddm 2 wherdn uid ttcond nuddc add condendng 
pepude compri*. a «cond funaional group covdently bound ti«reto. uid «cond functiond 
group bdng different from uid first fijnaional group. 

4. The .ynthetic virus like particle of claim 2. uid first and uid ucond nuddc add 
condensing peptides having differem amino add sequences. 

5. The symhetic virus like particle of claim 2. uid fir« and uid second nuddc add 
condeiuing peptides hiving the same amino acid sequence. 

6- The synthetic vinif Uke panicle of ddm 2 wherdn uid fint nuddc add condensiiig 
peptide compfiKs a first fiinaiond group covdemly bound tiiemo and fimher cooprius a 
second fimctiooal group covdemly bound thereto. 

7. 'n»^y«»»««eviiuslikepartideofddm2whemnuid.«^ 
covdently bound to said first fiinctiond group. 
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8. ■^^S«hetfcviru,Bkep«tieleofcWm2wl«rein«id 

ligandthttUttamigaBc peptide. """"^ Snwp eompnw a 

9 '^'5«»«i«vin»likep«icte«fel«„2,^ 

HgMdthatuiBeU..pedficcdl.iype. Sioup conipme, . 

eons.««,of.mc«odon..«Hbody.imuIi„.t«„ft^ ^ 
hgwdthiturgeuceHs in • non-specific maimer. P«»npme«t 



12 The synthetic virus like panicle of claim ll.jttdrigMid 



compnsing t sugir. 



lipid ^ """" ""p'*"' • 

•4 The synthetic virus like particle of claim 13. said Upid being selected from the group 
consistmg of palmhoyf. oleoyl, stearoyl. and cholesterol. 

15. The,ymheticvinislikepmicleofclaim2..aidfimctionalgr«^ 
hydrophilic polymer. 

16. The aymhetk virus Eke panicle of claim 15, »id neutr.} hydrophilic polymer being 
sdeaed from the gi«v coaasiing of PEG and PVP. 

"n^VntheiievinB like panicle of claim 2. «idft«ciio«dg«^ 
pcptkfe. 

1«. ■r»«fl««h«icvin« like panicle ofdaim 17. Slid fu^^ 
peptide. 
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19. ^^vi^BIcepwide fcl«„,2,«idfi«^ 

22 J^«»3^thedcvinuIikep«,ideofcl««21.«idi««^ 
selected from the group consisting of a mideau localization sequence 

23 •«^»3-theticvi™sn.ep«tideofcl.im7wherei„,«,fi«^ 
o^ofa^dor.neutralMrophilic polymer 

24 The synthetic vin.s like particle of cl«m23 wherein when sdd first fimctional group 
compns« a lipid, ,-d second fimaional group comprises . lig^^, th« targets a ceDular receptor. 

25 The ,y«hetic virus like panidc of daim 24. when s«d first fimctional group comprises 
PEG. said second fimctional group comprises a ligand th« targeu a cdUrfar receptor. 

26 The v-hedc vin« like partide of daim 25. s«d lig^ul comprising one of a «.g.r moiety 
or a ligaiid whose ceOular receptor is restriaed to a cdl-type. 

27. synthetic vinu Bke particle of claim 23 . when said fir« fi«K:tional group comprise. 

» Bpid. laid tedood fbnctional group comprises PEG. 
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»nw««n«o«jd«qu«ceofthe8««ricfomw|, PeptKte 

00 the tide Chun; *"""^*P0««ve«ychii8ed group 

iiphahdixfbniiatioo; "nmo tad which pn»ot« 

w|«r««chof2..i.i«tepe„,«^^^ 
«n«K,««tahr^.highp«pen«iiytofonn.«.bilized,un.«n^^ «-*«h-le«3 

wherem AttM«aBm,.iemunal ierineorthreonineitri^ 

^"^lerdn B IS any amino add; and 

wher«nn-2.4andm-2. 

29. ■n>esymhetfcviiuilikep«ticleofdaim28wheitin«K^ is.i«ii««u-.u u • 
"Bininc.2.4^.™„o4«.yHc«idoro™ithi^^ «. "-ependemly. ty«„e. 

30. •n»e»yMh«icvin« like panicle ofcWm2g wherein each of Y. it i„A^ u 

31. ;^««y«»«i«vln„Kkepanide of Claim 28 wherein 

glycine. p,orB«.«rine. and aspanic add. « »• ««»ependently. 



33. J^^™*«i«^Hcep.rtideofdaim28 
(ff an mtorBil leiioei tbiiBooine. or cyaeine residue. 



one 



34 "n-v-ti^icviwiikcp^tid^ 

conwgitioii to «fiiiietieail group. lor 
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35. ■n»V«tI«dcvirusBkep«ticleofcI«m28where«.«idpe^ 
•oiino add aequeooes 

<NBC7) H.TmWRlUKIUUARRCGVSARRAAlUUWUl^ 
(NBCIl) H-TlCKAWiaCAEKKAAKKCGVSAKKAAK^ 

36. "n«^5«hedcwu.likep«ticleofd«m,wher^ 

compruc. . combustion of ^ foUowing tl«e co««„«. .equence, wh« the toul 

sequence length is >17 reskiues: 

Seql: 

-K-K-X-P.K-K-Y-Z-B-P-A-J. 
wherein K is Lyrine. P is IWine; A i, Alanine; X is Serine. Threomne or Proline; Y is AUnine or 
Valine; Z is Ahmine. Theonine or Proline; B is Ly««e. AI«ri«e. Threonine or Vdine; and J is 
Alanine or Valine; 
Seqll 

-X-K-S-P-A-K-A-K-A. 

wherdn X i. Atanine or Valine; K is Lysine; S U Serine; P is ProUne; and A U Alanine. 
Seqni 

•X.Y.V.K-P-K.A.A.K-Z-K.B- 
wherrin X is Lysine or Arginine; Y is Alanine or Threonine; Z is Proline. Alanine or Serine; B is 
Lysine. Threonine or Valine; K is Lysine; P is Proline; A is Alanine. 

37. The synthetie virus Bice particle of claim 36 wherein a said p^nide comprises the amino 
add sequence: 

NHHSV40 NLSJ-tSeq I].[Seq ri].[Seq ni]-[SV40 NLSRSeq IH^COOH. 
where^. i, Cy«daep«*ere the SV40 NLS has the sequence Pro-Lys-Ly^Lys-Arg-Lys- 
VaI-(Hn. 



38. T^»ymlWKvini»Hkepartideofdaim 37 wherein a ^ 
add sequence 

^mrWaaCWCVEKKSPKKAIaCPAAKSPAKA^ 
KKAKKPAAC(AcmKOOH. 
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•c«lMqu«ceofthegenericfennuIi: '^f^ooapnmm>miK> 
•WrXKYX^J-COOH 

^Xis "biemorBoneofierineortlwonine: 

Y u one of lequoice I. n Of in; 

ntt2-6;aiid 

Ciscystetae. 



40. '^»y«»«ticvinuacep«,ideofd«im39wherdn.«kl^^^^ . 
w<l«quence«lect«lftom.hegro«pof: * »^ «««Pri«e. « «a«o 

NHWSeq III].tSV40 NLSl J-[Seq I]<:^00H. 
where ^. is Cyaeiiie; 

NHj.[Seq I].tSeq IK-COOH 
where ^. is Cystdne; 

NHrlSeq IHSeq IHSeq IK-COOH 
where ^. is Cysteine; ind 

NHHSeq H-fSeq IHSeq IJ-fSeq IK-COOH 
where -C- is Cyadne 
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■id peptide! bdnsiUithercfauicterizal in that^ 
•dd. thepeplklesife drfe to noD^ovalently usodtte wi^ 
vinu like particle containing eondeMed recombin^ 

Mid •ymhetie viiut Gke particle being charaaerized in that, when contacted «itl> a 
manunalian eO, laid panicle can transfect said nucleic acid into said ceU. 

43. The phifility of nuddc add condensing pepUdes of dain, 42. comprising a first nuddc 
add condensing peptide and • second nuddc add condensing peptide, wherdn said first nuddc 
add condensing peptide comprises a first fiinaionai group covilently bound thereto. 

44. The phinlity of nuddc add condensing peptides of daim 43. wherdn said second nuddc 
add condensing peptide comprises a second functional group covalentiy bound titereto. said 
second fiinctional group bdng different from said first functional group. 

45. The phirality of nuddc add condensing peptides of daim 38. said first and said second 
nuddc add condensing peptides having different amino add sequences. 

46 The plurality of nuddc add condensing peptides of daim 43. said first and said second 
nuddc add condensing peptides having the same amino add sequence. 

47. The phnlity of nuddc add condensing peptides of daim 43 wherdn said first nuddc add 
condensing peptide comprises a first functional group covalentiy bound thereto and further 
comprises a second fiutctional group covalentiy bound thereto. 

48. The phiralily of nuddc acid condensing peptides of daim 43 wherdn said second 
functional group is covalentiy bound to said first fimaional group. 

49. The phnfity of nuddc add condensing peptides of daim 43 wherdn said functional group 
con^rises a figand that is an antigenic peptide. 

50. Thcphirafityofnuddcaddcondensingpeptidesofdaim43whereinsaidfimctionalgr^ 
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51. *"»Pl«««hyofiwcWciddcoiid«AttD^ . 

54. ■^I*«%afnuddc«idcoode«i„gpepddcsofcta^ . , 
comprises a Kpid. *™»«> ««» fiuiaionil group 

55. The plurality of nucleic nai condensing peptide, of daim 54 «m r ^ 

from the group consiai«*«f«i-.-. a . * *^ 54. aid liprf being «iecied 
group conswmg of palmitoyf. oleoyl. aearoyl. and cholesterol. 

56. The ph«Hty of nucleic add condensing peptides of claim 43 «ud &ncn.™. 
comprismg a neutnd hydrephilic polymer. '^'^ 
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61. Tteplun%ofiiKfeicacacondensingpeptidei f claim 60. aid «ryniebe«« fleeted 
fiom the group consisting of « recombhaue Mid in imegrase. 

62. of nucWc«idconden«Bg peptides of d«m 43. 
comprising tn intuceflultr tiiflBcking protein. 

63 The piufility of nuddc «id condensing peptides of claim 62. said intnceflular trafficidng 
protein being selected from the group consisting of a nuclear localization sequence. 

64. Tht synthetic vims Cke panicle ofclaim 48 wherein said first Ainctional group comprises 
one of a lipid or PEG and said second functional group is a Ugand that taigett a cell. 

65. The synthetic virus Ulce particle ofclaim 64 wherein when said first functional group 
comprises a Kpid. said second funaional group comprises a ligand that targets a cellular receptor. 

66 The synthetic virus like particle ofclaim 65. when said first fiinctional group comprises 
PEG. said second funaional group comprises a ligand that targets a celhilar receptor. 

67 m synthetic virus Gke particle ofclaim 66. said ligand comprising one of a sugar moiety 
or a ligand whose celhilar receptor is restricted to a cell-type. 

68 TTie synthetie virus like panicle ofclaim 64 . when said first functional group comprises 
a lipid, said second functional group comprises PEC. 

69. Tlieplunlity of nuddc add condensing peptides of daho 42 wherein a said nuddc add 
condensing p^tide comprises an amino add sequence of the generic formula 
NH,.AHX,X,Y,Y,WCpC^^,)^XpCy,YA.X^COOH 

whei^in each of X„ is, independently, an amino add htvii^ a posrivdy charged group 
on the side chaiii; 

wherein each of Y,-^ is. indq)endently, a nalturally occuning amino add wWdi promotes 
alpha helix formation; 
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wheitiii ctt* of Z,^ ii, indcpcndemly. t ni^ 
•nwio addi hr«8 1 high 

whom A tt an tmiiKMenmni] serm 
whereb B is any ttmno add; and 
wherein n"2-4andni«2. 

70. The plurality of midete acid condensins peptides of claim 69 wherein each of is, 
independently, lysine, aigimne, 2.4-diaTmno-butyric add or ornithine. 

71. The pluraHtyofmiddc add condensing peptides of daim 69 wher^ 
independently, ghitamic add. alanine, leudne, metUomne, ghitamine, tryptophan or htstidine. 

72. The plurality of middc add Qondensing pepUdes of daim 69 wherdn each of is. 
independently, asparagine, glydne, proline, serine, and aspanic add. 

73. The plurality of nuddc add condenang peptides of daitn 69 yNhmin B is any one of 
alanine, ghitamic add or cystdne. 

74. The pluralhy of nuddc add condensing peptides of daim 69 wherein a said peptide 
conM^rises at least one of an iniema) serine, threonine, or cysteine residue 

75. The phnfity of nuddc add condensing peptides of daim 74 a sdd imenud residue is 
available for conjugation to i functional group. 

76. The phnfity of nuddc add condensing pq)tides of daim 69 vAm6n a sdd peptide 
conqmses one of the amnio add sequences 

(NBC7) NHrTORAWWlAKRlUVARRCOVSAWUUUUUW^ 
(NBCll) NHrTKKAVraCAEKKAAKKCGVSAiaCAAKKAW 

77. The pbriBty of nuddc add condendng peptides of claim 42 vAiatan t said nuddc add 
condennag peptide comprises a linear cominnation of the fdlowing tiiree consensus sequences 
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the t tal lequenee length i« >I 7 residues: 

Seql: 

-K.K.X^.K.K-Y.2*p.A.J. 

Stqll 

-X-K-S-P-A-K-A-K-A. 

whcrdn X b Alanine or Vidi«; K i. Lysine; S i, Serine; P is Proline; «mJ A i. ^ 
SeqIII 

-X-Y-V-K-P-K-A-A-K-Z-K-B. 

whcr«nXisLy,i„eorArginine;YisAl«,i„eorThreonh«;ZisPrdi^^ 
Lysine. Threonine or Valine; K is Lysine; P is Proline; A is Alanine. 

78 The plurality of nucleic add condensmg peptides of clain, 77 wherein a said peptide 
comprises the tmino acid sequence: 

NHrrSV40 NLSHSeq I].[Seq II]-tSeq raHSV40 NLSHSeq IJ^^OOH. 
where ^. is Cysteine;where the S V40 NLS has the sequence Pro-Lys-Lys-Lys-Arg-Lys- 
Val-Gta. * ^ 



7 9. The plurality of nucleic add condensing peptides of daim 78 wherein a said peptide 
comprises the amino add sequence 

^WrPKKKRKVEIaCSPKKAKKPAAKSPAKAK^ 
KKAKKPAAC(AanKOOH. 

80. The phinBty of iiuddc add condensing peptides of daim 77 wherein a said peptide 
comprises an amino add sequence of the generic ibnnula: 
NHrX<Y),-C<XX)H 

wheieXis ibaent or is one of serine or threonine; 
Y is one of sequence I. II or III; 
n is 2-6; and 
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C ttcyiteine. 

NHrCSeq lIIHSV40NLSiHSeq IJ^^XXXt 
«*"«^-i,Cyadne; 

NHrfSeq I].[Seq IK-COOH 
where <:.ttCy«eine; 

NH,-ISeq I).[Se9 IJ-f Seq IK-COOH 
where -C- 11 Cytteine; and 

NH,.rSeq IJ-tSeq q-fSeq I}.[Seq IK^OOH 
where ^. is Cyaeine. 



(NBC2) 
(NBC«) 

1 reocmdmuDit nuoUc add, 

• fcit phnlity ofte Mjcleic add condenslr« peptides, each Mid nemw. ™^ • 
» lecond pluilhy second nudde add condeosiiig peptidea. 

wherdn ead) said plurality of nuddc add eoml.*^ : j . 

7 nwaac acM condensing peptides b non-covaiently 
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modatedwithtttdreccimlm^ 



ID condensed fiwm. 



84. Th..y«heticvinaBkep«tidecfd«„,83.8«^ 
nuctec««lcend«i.«pcp»id^ 

&nctKH»l group wWchudiffermfitm, aid fi«fi^^ ^ 

85. The syntheUc vinu Bice panicle of cl«mH -id fi« «„ec<«ul function., group. « 
presem m Mid symhedc viius like panicle in t preselected ritio. 

86. The synthetic vinis like panicle of claim 83. said fi« «.d s«d second middc add 
condensing peptides having different amino add sequences. 

87. The synthetic virus like panicle of daim 83. said first and said second nuddc add 
condensing peptides having the same amino add sequence. 

88. The synthetic virus like panicle of claim 83 wherdn «>id first nuddc add conde^ing 
peptide comprises a first funaional group covalently bourn, thereto and fiinher comprises a 
second fiinctional group covalently bound thereto. 

89. Tbc synthetic vims like panicle of claim 88 wherdn said second fi«ctional greup is 
covalently bound to said first fijnctional group 

90. The synthetic vims like panicle of claim 83 wherdn said funcUonal group comprises a 
ligand that is an ■migente peptide. 

91. iTie synthetic vims Uke panide of daim 83 wherdn s«d fiinctional group comprises a 
ligand that taiBeu A specific ceO-type. 

92. The ■ynthettc vims Uke panide of claim 91. said Ugand bdng selected from the group 
consisting of a nonodonal antibody, insulin, transferrin and asialoglyeoprotdn. 
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Theiymlnic 

99. The synthetic virus like panicle of claim »i . « 

peptide. Voup being , isogenic 

- Jh. ^...^^ ^^^^ ^ 

101. "^-^^^^^^or.^..,^^^^^^^^ 

103. The .iyntheifc viniiUkepanideofd«n,« . a ^ ■ 
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104. TJ>evnthetKvin» like ptnide of claim 103. said int^^ 
selecied fion the group consisting of a nuclear localizatioa sequence. 

105. Tliesynthaicvinislike|wtideofcl«m8!>whefein«^ 

one of a or PEG and s«d second functional group u a ngand thtt ta^ 

106. The symheticvin» like partide of claim 105 wf««i„ when s«dfi«&^ 
coinprises a lipid, said second fimctional group eompr^ 

107. The synthetic virus like particle of daim 106. when said first functional group comprises 
PEG. said second functional group comprises a ligand that targets a cdlular receptor. 

108. The$yntheticviju$likepaitideofdaiml07.saidBgandcomprisingoneofasug^ 
or a ligand whose cdhilar receptor is restricted to a cdl>type. 

109. The symhetic virus like partide of daim 105 . when said first functional group comprises 
a lipid, said second functional group comprises PEG. 

1 10 The synthetic virus like panide of daim 83 wherein a said mideic add condensing peptide 
comprises an amino add sequence of the generic fonnula 

NHrA-(X,X,Y,Y^,X.KZ,Z^A)-(X,X.Y,Y,)^X^O<MI 
wherein each of X,^ is. independently, an amino add having a poshivdy charged group 
on the side chain; 

wherein each of Y,-, is. independently, a naturally occurring amino add which promotes 
alpha hdix fonnadon; 

wheiwn each of 2,^ is. independently, a naturally occurring amino add with at least 3 

amino adds having a high propensity to forni a siaMiaed turn structure; 

wherein A is an amino-tenninai serine or threonine residue; 
wherein B is any amino add; and 
«*erdn n*2-4andm"2. 
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"2. '"••3««»«icviruilikepmkdeofd«im|iOwl«^ • . 

methiomae, gluttinaie. 

113. The.ynUKticvim.Bkep«tideofcWm„o,vh««e«ho^^ ii. 



or cysteine. 



115. "^^^lacep^kieofdaimnowhci^n.s^d^^ 

of «mtern.I«ri«e.th«oniw. or cysteine «idue. n^nses « least one 

/. . . ««d mtenuJ residue is «vMl«ht# 

for conjugition to .fiinetipitti group "ue « aviiiable 

(NBC7) H-TOUWIMAKIUt^AIUiaivS/WR^ 

(NBCU) H.TOCAWlcICAEKKMiaCCOVSAICIO^AICKAWKKA.NH^ 

SeqL 

■K.K.X-P.K.K.Y.2.B-P-A^. 
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Seqn 

•X.K.S-P.A-K-A-K.A- 

wherm X U Al«»»c or V.lB«; K U Lyaac; S « Serine; P i, P«rf^ 
Seqm 

•X.Y.V.K-P.K.A.A-K-Z.K.B. 
M*erein X » Ly»iae or AiBimne; Y u Alanine or Tl^ 

Lysme. Threonine or Valine; K tt Lysine; P U Proline; A is AJanme. 

119 "n^syrtl^ievinislikeptrtideof claim 118 whereinasa^ 
acid sequence: 

NH,-rSV40NLS).[Seq IJ-fSeq IlJ-JSeq III].(SV40 NLSJ-ISeq H-C^OOH. 
where -C- is Cysteine;where the SV40 NLS has the sequence Pro.Lys.Lys-Lys.Arg.Lys. 
Val.Gin. 

12 0. nt synthetic vims like panicle of claim 1 19 wherein a said peptide comprises the amino 
acid sequence 

H.PKKKWCVEKKSPKKAKKPAAKSPAKAKAKAVKPKA^ 
KKAKKPAAC(Acm>.OH. 

121. The synthetic vims Uke panicle of claim 118 wherein a said peptide comprises an amino 
add sequence of the generic fonnula: 

NHi-X-^.C-COOH 

where X is absent or is one of serine or threonine: 
Y is one of sequence I. II or III; 
nis2-6;aiid 
C is cysteine. 

122. Tl>e vahetk Vitus like panickofdaim 121 wherein a said pcpti 
add sequence adeeted from the group of: 

NHrlSeq in).[SV40 NLSlHSeq n-C-COOH. 
where .C- is Cysteine; 
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*^S«m-fSeqn-C-COOH 
where is C^ttdae; 

NHHSeq IHS«) IHSeq IK-COOH 
where ^-nCyaeine; and 

NHHSeq IHSeq IHSeq I^Seq IK-COOH 
iiCyiteBie. 

•23. "^VmhcticvmBUkepmideofdwmmwhereia.saidoeMirU^^ 
«Al-q«ence«tecudfio„U*groupof.equeacc.-^ 
(NBC2) H-IO^VKMCAAKPKKPKKKRKVEiaCSPKK^ 
22 H.KKSPKKAKKPAAKKSPKK>UCKPAAC^ 

•wwtnasfiKtion of uid cdl with said miclM^ 
126 



An«hodrffenmi«5ng . .ymhetic virus lilcepwiide for «lmiastr«ion to « p«ie«. the 
coo^snmy "-^"^ 

^'i'^'uptioR agent 



pqnide. 



[emc 
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128. Aiiwbodcftiinsf^ 
comprising the stqn f 

.) fonning . n«t«« of . ,yml«tic vin« like pwicte 
hydrophilie polymer, end 

b) cottwmg okl n«ft« of aep .) with . m«nn»li« cell under 
eUow transftetioo of nid cdl with said mideic add. 

129 A method of fcnnuhting . synthetic viru. Kke pwide for «lmhustn«ion to . p«ie«. the 

method comprising 

mixing . .ymhetic vinis like partide as d«med in dahnl with a neutraJ hydrophHic 
poiymcr. 



130. The method of daim 128 or 129. uii „cutrd hydrophilie polymer compriring 
polyethyleneglycol. 



131 A phannaeeutical fonnulation for wlministering a recombinant micidc add to a patient. 

comprising 

the synthetic virus like particle of any one of daim 1 in combination with . 
pharmaceutically acceptable carrier. 



132 *n«Ph«nnaeeutkalfomwtationofdaiml3I.fimhercomp,isinganendoso^ 
agent. 



133. The phannaeeutical formulation of claim 131. further comprising a neutnl hydrophilie 
polymer. 



134. Amethodofiimaludi«arBCombinamnuddcaddintoapatient.themethodcomp^ 
■drawiteiing to the patient a therapeutically effisctive amount of the synthetic vims like 

partide of claim I or the pharmaceutical fonnulation of cfaum 131. 

135. A method of making a synthetic virus tike partide for transfecting mammalian cells with 
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« «con*hiam nucleic ickl, s«d iiirt^ 

a first ftuuaional group covalently bound thereto. 

»7. A mahod of ™.king . syntheti; vin« like p«icle for tr««fecting m«„„ulian cdls with 
• reconibiMm nucleic icid, said method comprising 

mixing . ,«ombin«,t «.deic «id with . fir« phirlity of first m^leic «rid condensing 
pcpudes ^ . second plurality of second nucleic add condensing peptides ««,er condition. 
sumaa. to pernA Wion of a synthetic virus lilce partide com«ni„g condensed nucleic «id 
e«* s«d first «ul second nucleic add condensing peptide U a hete^peptide and each 
saKl fir« and second plurality of nuddc add condensing peptide, has bw polydispeoion. 

138. Tbemethod of daim 137 wherein s«d first nuddc «nd condenring peptide comprises . 
am fiinetionaJ group eovtlemly linked thereto. 

139. •n»«»«««Jofd«ml36orl37wherdn,«dfir.t««Jsddse»^ 
pepudes hive diffiwejtt amino add sequences. 

140. T*en«hodofddm 136 or 137. sddfim««l«ud second nuddc add cofld«^ 
peptides hiving the tame amino add sequence. 
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co«d««8 peptide c»nvri«..econdfi^ 
a«nctioiiri group beii« d»ere« fire^ 

142. •n»««hodofctol36or»7wl««..afi««^ 
«»mpn«et • McoiKl funetioiuJ group covilemly 

143. •n«"««»dofcl«ml42^s«dsecondfim^ 
first functional group. 

144. The method of claim 141 wherein said mixing step comprises the step of: 

seteinB a mio of first and second functional group, Bich that t^ 

first and second micleic add condensing peptides mixed with said recombinam 

nucleic acid corresponds to said ratio. 

145 The method of claim 141 wherein said mixing step comprises the step of: 

selecting the position on a said mideic add condensng peptide for covalem 
linkage to a said fiinctional group. 

146. •n«n«hodofdaim 145. wherrin said selecting step comprises sdecting the amm^ 
position on said fii3t nuddc add condensing peptide for covalem iinkage to said first fimctional 
group and selecting the amino add position on said second middc add condensing peptide for 
covalent linkige to said second functional group. 

147. The liethodofdiiin 145 wherein said sdetting step compiiseisdec^ 

oiboJtytenninaJ position of a said BucWc add condensing peptide. 

148. Tl*iiWd»dofclaim 141 wherdn said mixing step comprises the step of: 

tdeeting the position on a said fiinctional group for eovakm linkage to a said 
Rudete add condensing peptide. 
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149. •^-^<^^lAi^^,^^^^^^^ 

150. T»^-.cthodofd«„.135orm.fi«hcre«^»^ 

151. A'«»»dofn»kh,g,y«|«dcvim.Iikep«idef^ 
recoiriHiiamiwdeic add, sad method 

a) eo««^g . pH.^Hy of fi« «.c.eic «id conde«i„g peptide, with . reco™bin«t 

nucfac««lu.h«h«ritco«mmionfcr.timeiufiiciemto^ • • 

"WW noncoviJemuioaation of uid 
plundrty of nucleic «id co«le«i.« peptide, with «id nudeic «d «d to pcnnit conde««tio„ of 
said nucleic add, 

b) diluting »ud »h concentration of step a) to . tower «lt conce««tion «kI «ldi«g a 
neutral hydrophilic polymer. 

152. The method of cWm 151 wherdn in «ud «ep b). «ud dih«i„g «ldi„g i, performed 
simultaneously with adding a ph.ndity of ,eco«I nuddc add condensing peptides. e«* said 
second peptide comprising a lipid group covalently Gnked thereto. 

wherdn ead, said «k1 second nuddc add condensing peptide is a heteropeptide and 
each said plurality has low polydispersion. 

153. The method of daim 151 wherdn sdd in sdd step b). sdd dihiting and addmg is 
perfonned prior to aiding a plurality of second ««ddc add condensing pep^ 

peptide comprisii^ « BjMd group covalently linked thereto, 

whertm e«di said fina and second nuddc add condensing peptide is a hete^ 
«wh sMd phinfity his low polydispersion. 

154. The netbod of daim 151 wherdn said neutral hydrophilic polymer comprises 
polyethyleaegjlyod. 
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• i»eoiiib«iim BudeK 104 Bid o«liod tomprii, 

««xmibifi«rtniKde« add b high lilt conw^^ rrr««- -« . 

said nudetc tdd. tnd *««w«iwion 01 

0 eo««»g mbau. of «ep b) a plunlny of ^.ddc add conia^ 
peptides compnsmg . lipid group covalcntly linked to « s«d «cond peptide; 

««h aid phinilrty of nuddc add condensing peptides has low polydispersion. 
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^^^3. 86.89. 110-118. 120-125. 131. 
134-148 and 155 .n pari, and 8. 49 and 90: the synmetic virus-llke pkrtiele 5ii oluraiitv 

and the use of the particJe. compnsing as a functional group an antigenic peptide 

^^L^®*^®' ^S-W- 86-89. 110-118, 120-125 131 

thTtaraeS^^ « «""«ional group a liganS 

JSlsKXv^lX'"'" " an..od/ins5in. 

S^sTsl' ?3J"L«l- H S^'^- 7^83. 86-89. 93. 110-118. 120- 

th- ^ '2. 53 and 94: the synthetic vinis-Iike oarticie 

S^etl °' P*"**^^- ~'"Priang as a functional group a Bgand th« 
targets ceils rn a norj-spedfic manner, more spedficaily a sugar 

bS'J: ; ^ ^"'^ ^"'^ '3-^4. 54.55 and 95.96: the synthetic virus-like 

t^t tamefs SSl'in f °! P^^='"' ~'"P^'"9 « « ^"«'°"a^ group a liglnd 
ma: targets cells m a non-speafic manner, more spedficaily a lipid 

^W-uJ'^d';^^''^^' ^^If'fS-'S. 69.77. 79-83. 86-89. 110-118. 120-125. 131 
134-148 and 155 in part, and 15-16, 55-57. 97-98. 128-130. 133 151 and 154- ml' 

"'"^^""^ P«"^='«' '^'^ °' the particle comprtsL as a 

functional group a neutral hydrophllic polymer, more spedficaily PEG or PVP 

I^rJ? ^ P^' ^^-'S- 58-59. 99.100. 126-127, 132 and ISO- the 
symhe,,c v,rus.fike particle, the plurality of nucleic add condensing peptides the 
rnethod for preparing the virus-like particle, and the use of the partide comprisina as a 
SrS,^^^^^ ™" ^P«-«-V « fusogSe^ 

?!tr!lo' ^* ^^^3' '^^^S. 69-77. 79-83. 86-89. 110-118. 120-125 131 

Itr^lt .t^'^ *" P^- ^^"20' S°^1 101-102: the synthetic virus-like ' 
particle the plurality of nucleic add condensing peptides, the method for oreoarmQ the 
wus-iike partide. and the use of the panide. comprising as a functional group an 
enzyme, more specifically a recombinase or an integrase. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/210 



Claims 1, 2. 4-7. 28-36. 38-43. 45-48, 69-77. 79-83. 86-89. 110-118 120-125 131 
134-148 and 155 in part, and 21-22. 37. 62-63. 78. 103-104 and 119: the synthetic 
virus-like particle, the plurality of nucleic acid condensing peptides, the method for 
prepanng the virus-like particle, and the use of the particle, comprising as a functional 
group an intracellular trafficking protein, more specifically a nuclear localisation 
sequence 

Claims 1. 2. 4-7. 28-36. 38-43. 45-48. 69-77. 79-83. 86-89. 110-118, 120-125 131 
134-148 and 155 in part, and 3. 23-27. 44. 54-68, 84-85. 105-109 and 152-153- the 
synthetic virus-like particle, the plurality of nucleic acid condensing peptides the 
method for preparing the virus-like particle, and the use of the particle, comprising two 
functional groups. f a ^ 



OE 4412629 A 26-01-95 AU 6568594 A 08-11-94 

WO 9423751 A 27-10-94 
EP 0693939 A 31-01-96 

EP 0544292 A 'Iz-w-'gl ir'JIagooi"); oaToirgT 

JP 6303987 A 01-11-94 

Ai"7«4694*'; Ti'-'ol'.il' 

WO 9319768 A l^Ho-ll irmmV'A osIl'l'IgT 

CA 2133323 A 14-10-93 

EP 0636028 A 01-02-95 

JP 7505639 T 22-06-95 

WO 9521931 A vTbTs ^rin'sM?'; nlollVs'- 

AU 1581895 A 29-08-95 

CA 2182118 A 17-08-95 

EP 0743984 A 27-11-96 

'^J^iiiti.'. ""'27-o6-";6; irmmi'i 10:07:96" 

wo 9625508 A 22-08-;6 Fr""2730637*; 23:0^:9^" 
AU 4835396 A 04-09-96 



PCT ItA'JIt (MUM limtt tlMi) llw, IMI) 



